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' ■ ' ■» a  a rx o  ^ufO TAO cr-3*4E***sa*»< > • .
;fto Fj^ o|>o3?%10s ;of soma 1 Ihenolgf. i &sdh®& @ d  feinophenoig# 
fto ©Xeetrosaie' intoraretailoa of organie. k ehemie&X ‘ 
raaofciens is based 01s. a oonsMer&tlcm of M  properties ' 
of/compounds- eontaiiilBg the real potm associated with • 
salt foroation and ioMeatiosw Modem views of valency 
tov© indicated that finite charges are present on the 
nitrogon atom of a i^tr ©compound arid on -the sulphur 
a ton in ti euighone* Moreover the charge present on the
oulrtor atom ihouXd fee teiee that p?o&es& on toe nltro*'.-.
■ gem atom* k stodj Xms toon mm& of tto cmlptomjl deriv- 
atiws of some amines* g&onoi* omd omlsopfeenols in order 
to fefetalls ©videnee far end determine . tto special prop- •■ 
erties- associated with. & positivelj charged ■-sulphur. atom# 
Xto work is ■ presented to _ four mlf^aeatiers# the first , 
dealing «rlth toe preparation* to© second too'scission 
and- toe third toe snhotitotioa of snlihonsmlildes. and 
phenyisuipliamtes*'. . fto fourth section deals with the 
migration of a&yX .radicals in o^eminophonols*
It is found that catoas msj to divided into throe 
groups according--to too nature- o f  their reaction with a 
m olecular smo'snt o f .jg^t otoenesuXphesfl c h lo rid e * Most ;
.- .give a ru an fc ita tive  y ie ld  o f. toe- au ip to n m ili& a - to t  
sos© fail to reset- at all whilst others give toe disuX~
o f ch e la te  rin gs (J . ,  1924, 125> 533) ,  emphasis© a c e rta in  
s im ila r ity  between tbe n itro -g ro u p  and halogen atoms in  
respect o f  in d u c tive  displacem ents and show th a t e ffe c ts  
can be tran sm itted  through th e  -SOg* group* fu r th e r  l ig h t  
is  thrown on ' the mechanism o f conversion o f n itropheno ls  
in to  nitroehlorohenzenes under th e  a c tio n  o f t>-to luenesul*mm
phenyl chloride- (Ullmaxm, In te r  a l la , Ber* ,  1909* 41 5^932)*
The work w ith  n i t  r  oaminoph©no 1 s provides. a d d itio n a l examples 
o f the e ffe c ts  observed w ith  phenols and amines alone, .and 
discloses th e  existence o f a new class o f compound-the 
m h v d ro » n * to lu e n e s u l |h o n a m id o p 7 r id in iu m  h y d r o x id e s *  •
' H ie  sectio n  on th e sc iss io n  o f  suXphom nili&es and 
pheftylsulphonates deals  in  p a rtic u la r  w ith  the use o f p ip *  
© rid ln o * The excep tio n a l behaviour o f  214- d in itrep h en y l - j* *  _ 
toluenesulphona t  e,  which undergoes sc iss io n  in  two d is t in c t  
ways, is  discussed in  some d e ta il*
S u b s titu tio n  experim ents have been made in  the bensene, 
diphenyl and naphthalene' s e rie s  and the o rie n tin g  e ffe c ts  
o f  th e  -M I*S 0p , ~!$Se*.S0o* *H {S0o)«.. and -O.SOo .groups d e te r -  
mined*- The experim ents on d ijh e n y l have invo lved  the devel­
opment o f improved methods o f p rep aratio n  o f the i n i t i a l  
m a te ria ls  (Fh*I>* Thesis,- 1926)- and the d escrip tion , o f over 
one hundred o f the nmmmn. compounds such as bromo-4*hyc!roxy- 
d ip hen yls , n i t r o -4-m ethcxydlphenyls, and n itro -2  and 4 -  
amlnocl 1 phenyls * W ith naphthalene s u ff ic ie n t experiments-: 
have been mad© to- show th a t' th© fu s io n  o f two Kekule- rin g s  
does not lead  to  a f u l l  in te rp re ta tio n  o f s u b s titu tio n
3 *
s u c h  && n | t i * o » 4 » m e tS io z ^ i^ o n -
yls* a M  nitro-2  fiM 4-sasfiKi&f jto^Xs* With tmpMhalm© 
sufficient- ©3^ ©rte©nts haw# toon "made t© stow that th© fus­
ion of .two ICelmle rings does not .lead to -& full interpre­
tation ofsubstitution results with ■ this hydrocarbon* : :
Ito b/p ratio of theso substitutions- is discussed* .
orporiments. riii-cb...R aiford tms made on the  
m ig ra tio n  o f  a c y l ra d ic a ls  in  to s m l^ p to m ls  ( 1« feior* 
ghem *^ofr#lS 2S to  d a te ) fmtr©' W ^mm- l i t t l e  l ig h t  on. ■ 
th e  meehimlsm o f  these changes* ■ In tro d u c tio n  o f  the  
ms# o f sulphonyl. d e riv a tiv e s  has repealed 11) th e  ' 
tendency towards tonso^msolo form ation in  examine- . 
jto n o l#  (2 ) t li#  depeMere© o f th e  m ig ra tio n  on some 
p ro perty  of. th e  a c y l group absent from t to  a ry ls n lito n y X  
group* 1  theo ry  of these changes is  adTsnoed which has 
la d  to  th e  d e te c tio n  o f-a c y l m ig rations in  cliaeyl-o-* 
amlnoplieiiols and the c o rre c tio n  o f  several o f  R a ifo rd 1# 
re s u lts *" ,
l i t t l e  doubt can, to  en te rta in e d  th a t th e  sulphur 
sem ipolar double bond is  m s ta b le  e n t ity  although th e  
am plitude o f , th e  charge present on th e  sulphur atom is  
sm alle r than m ight to  -an tic ip a ted * - E le c tro n ic  p rin c ip le s  
pres ide a uniform  b asis  fo r  th e  in te rp re ta tio n  o f  the . 
d iv e rs e  typos o f  re a c tio n  recorded in  th is  th e s is * .• -
;. o o m r m r s .. ,
. Fags;
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v: s© r a p M  fo t^ 'b o o u  ffe& s c o o n te n c #  o f  r  v & X # o t r m to  .
inter rotation of viioncy end go r hi fch© op 11 u 4 ^ u  of electronic 
conccsfcs to chonicsal thooiy that it Ctifficnlft to rccllt# that the 
ideca o f eloctrovaXonoj i’*x ©ovcleacy t?e*«* not |ut .feswrnrd by tc#e©X 
. and iowto until 1 0 XC# ; ' At bln london looiuroa $m ,X# 2 3 :X#*£* toFioly.
c trrrK t up t t o l r  views fur ggytog th a t liin m te ii e^jnonnds ni*o Ibrmod
according to  the ro lo  o f  #»o sa l i 1 o r t ile  o f  'o irh t#  A p a ir  ® f ;
••©Xcctsono c o n s titu te s  n fa o tto l c liom lca l- l in v # o irh t e lectron©  n
etta&lo fro u e in g  In  .the *sutor e b o ll o f  t i l l  &t©*% Cone* event ly  ct 
oeditmi ©toy w ith  e&& 0l©e.tron in  i t s  tm fetr r>jc l l  re a d ily  c©r**to©s* ■ 
w itti a ifiX o rln o  &to% which fee# $©vm# by ;tvco lrn  m m  i ta  & lo “ t?on| 
i t  tbcnoby n c rp iro n  a tra it  ] o ^ itx ^o  c ^ r r ^  ■ th ilr i tho c h lo rln o  a tcn  
accpires 1 :m l l  m gabiire ch s rip * ■ A fte r  oetnhlaatiea tfe# two- a to m  ' 
m% t^ V  to g u ttw r t y  o lo e tre e 1to t1© '& t:t» e tio s i c f t *  1** 3 l i r i i  is  
e a M  t o  %# «  o lo c t r o v a lo n o y *  C S n i im t f #  m t o t m  w i t h  tw o  © ic o t r o iM  
t o  l i t  © H  q t  u*'Q%% g lw o&  t h o  e le e t r o v n lo n t #  i o n l t c d  e r . o r t  O a t*  2 6 J 7 
aM  a lu  X n im  a ! ^SCX7.# However in  A v»* 0£ h i th is  * c le a  • 
p o t it iv o  © titrtp  on fcho m ote l gfec&» tt iie h  w i l l  lo  te v ^ n ^  %® ©batspaefc 
cloctwns f t K&m ohXorlno iom* in  ^*« *<i .-ou# to/thrs^# Also
t i l t  te n d e n c y  o f  t ! w  m t a !  n to t i  t o  c o m p lo ie  i t s  -o e to t  b y  % b * r b in g  •
f' x t t o n a l clootrc&a is taeroaaiBC to i t i o  sono wdor* Conaoc&ontly
t h e  dofpoo of ionisation fall© off (Fojano) * Ccrton Tilth four 
© X e e tro n s  i n  i t ©  o u t e r  fe o IX  e o n M ix o s  w i t h  f o u r  e t o e l »  ©few©
‘c*Cl* — ^ fA
•*#
si *cL
i3l*C?Clv 
••■ * . ’ *
t? f3fM -is
C s iC
i i
**r lb©: to n icod .foma of tho Doleoals fa toco ^ ’ X/
stnta© than fee Tisicmiiod ©r ..S&m*.- wife fe© foo^-felariw
©tens imitod to it by eovaloneios thm aton to unehargod itil
a w iw ^v M l by aa a a to i o f .o l^ tro ia a * .■ fM s  is  fe o  nomoX, typo  o f  : 
found in cartx>n eooporats* -Adembl# band is- totorprotod 
as a group of four oloetrcm fr«X airno men sharing prov&iXa fepoucft* 
oat fe© moXoeul# tia ©ten eorrloa a ehrjrgo*.;/Lewis oioarly o»l#aipd 
i  f i  t '  o r  ty p e  I t o h r ^ a *  h o  tm g g o s to d  f e a t  t h o  t *  © to o t im is t  o f  m 
Xtok might bo euppli*®. by on© atom* boron trifluorido# for ectaopl** 
©mptoiing its 00tot fey union t?ifch a melooula of aormla* tawry* 
lioravor# flrnt ©ailed attention to fee ©reeptlcnnX nctnro of feic 
llnlr {Trons%Tv.^odaT ^oo*# l^'w /# i*% 2 7 6)* C^ hfrr* fee previous
0#-
crrarplo, oince too nlfcs'ocos which was neutral t i  n.r»->2ti Is now 
sharing two o* Its oloots*oao with too t » r m  -atoa it esist to©
pooitiwolw churned toilet too borca. atcra is ne-to'vely tocrn«5* 
Ionisation cannot arise for tota would load to aootmtetiea of too
nitrocen or tooroa octets so this linhnro* e3.oc.rl7  different iron 
tho ©loctrow ’lent lirfl:, «wo rtU<n too m o o  cozioolo.? deutolo bend*
Si* too charred mlfpbosijSee atces? si>© eo’d to constitute a dipole. 
It ”aa the trcel: of t x r t o n ,  food cod r i l Z - l n y  {S » t ICdd, K  T) awl 
toiXUfs (I S M ** $5 8 8) tolsh fetoaeM 'attoatism os t M s  sowol tyno 
cf llstoco, fu&don, Road and 'viUrina otoewc^ f ' t  eccpcundB toito 
’ iftot too expected to contain each lirfeageo e*g# nitre eogsposada#
■ e’w o d  very abnormal parachorfi. ihillips srocoodod 1» rvoi'uiag 
ctoyl*>jj>>tolttenosaljf5'jlnato in an optically cctivo atoto, cn 
asB.|®voia®st eito tMeSi too lose accept*! ntmotuno of this substance 
la ineenpstJMo, ?o obtain a sulphur octet whilst mitlsg the 
v _ ■■;■■■ C-C;f! 5 _ ccrr;.: . 0 0 ,1%  1
mm$ 1 ■ c=s «"*. %
•• I ” 1 1 I
: d :  Cr,%  - Q jp t f  i !? ' v  I
©uXphtis* c to r*  poccosoinn e ls  cx ts rm X  © lo c trm a * w ith  trie  fsuI I cgXq 
ted, GUi oxygon atom i t  is  noecocary to- etmtrx* th a t the aulphuj? afcon
provision botH  o loo troan monXtod fm? feo  i f f l i  w ith  i 5 q omygon atom.
arxl thauohy acquires a p o s itiv e  ehnr, o* £ tt*pM m tcs clpo o a a ily
aoairo^teS in to  miitfhcnrvte© oM  to  s c ln ta it i feo  p iX fttiB  o o to t l i t  \
thooo cor, oumls It-  in  Boooscary to  &c*curx» th a t bo th  omygon n to »  '
.oro v r iltM  to  fee  a u lifm ir atom by" oomi^poXar icm b lo  bond©#. Coixao-
r^ontly tho t* 1 ^  r nates' oawic© m pooltivo chapgo of teico tit©
4 *
i v #  o f  fcho nogo  t l t o  t t o r g a  c a r r i e d  b y  o&c&i o f  to #  o i c ^ m -  
atoms* T,so aefaiml also of too «$sarco trlH t*,r o M  on Ife# # w %  c#s. 
of dorian of to# %si¥lin,5 paint onl. th# extent of ^otomctlm of •
too  antow o c te t o f  fti#  #atl$tas* atom# I t  appeared of to lc o o o t ih o ro * 
f^ro to l.n ifortifato  too j^porfctoa o f to# cyulp&onyX SoritcitlTOo o f 
posn aat&os* flionol^ m& e^neitonolo to  os£o* to  ottaito mria.cnct, 
for mnl rtotorntao too mp&ttiil pfoportto# ^ *wsoo<^tad'oito a otftx>o»*, 
OlTiolo* f  no -work fr, pvoomtoiX in  four note oa-etlons* the f i r s t  
S o m lln g  t o o  x s ro e o ra tlo n #  th e  se co n d - t o o  f t o is a to n  o n iv tS io  : 
this€ too imtotlfcttfrlTO e2 oul^ianamili^oo and cry! inilphom-voe#
Sfco fo a rth  soot ton # m is  *“i t o  tlio  n ig n a tio n  o f a c y l ts& Icato to  • '
^c©inoti^onolo# ,, \ . ■.•"■," .
: It is  fotmi that oilioo bo. diiriCod |z$o Etooo groups
nooO'ritog to to# mturo ## roaotion. olto it molooular crarczafe
sulphonyl
of £*toluonoAo itori to* \> fc gtoo a cnantitafciw ytoll of too ■
suXphonanlliao li t tamo toil to ron o at mil ofho^m g£to too
4im lx ftm c & i% l$ m * • reooltm grovido 0tl.Sono0.to .tofcw.of 
* tecdvU «nd Oallot^o them*7- of cholato rings C**f ICf-l* ©441#' 
a contain %ti #on tit# and Irnlog®
aio o- in roopoot of inSuotito tiicpl&oanan&a and show total 
ton, bo tronamlttod through V 0 *§%*• fp«p* Jtottoa? Xtffit to to^otm 
011 too noonan5.om of vozmov&t&n of ‘iiltrorhonolo Into t&tTnehloso* • - 
boBaoncn anclor tho cction of J2*to1rtf hoJ*'Xrl;on^ l chloric!# It linnet 
tu to r  olio,# t o n#£ lOOCf 4*# S iS Il#  *>*> xmttz w ith  n itrom inoT Jtom l©  
provides additional eramplcs of too oflocts otoo;m?$ t^ ith il?,onolo 
uni mdm B mlobq# isni Simolosoa th@ opinion## of a now 0I000 of
Co n rd  *  the hydroxides#
/ fha ©oefcicxi on too ©elo&ion of stilrhoaonllidos tni j;itcnyl~ 
raltoonatoo deals In harticnlnr with the 1:00 of piperidine* The
cxeoptXottaX bdhavlour o f Ci4^<l!nXtrorhonyXg^to1nonotuX;toonato/ w h ito
itndergoas o c lcs lo n  in  two d is t in c t  t&ys# is  <110011© sod to  mono c itto lX *
s u b s titu tio n  onporitriontti have boon xiad# In the  borxnenOf
dJp?x©oyX end nsT&toalcno to A m  tuid too  orienting e ffe c ts  ©f the
•rn .ro y *  ^r/c#gOg, * ti {rio©)p cna g ro ^ o  dotowsnod* *£&©
asporlne t x on diphenyl ham  tm otvod to© covolornont of teps?ovod
oath.ods of fox>prration ©i to© Initial mtorlnlo tn>*%fr ^ le* Xli20) 
m& tlx© cloaeription of ever © »  hundred of too taszxm ec^cmndt
©uch na i^ tK H ‘4-^5thoxy^5 ^ honyl© mml;
n it ra ^ l nn& ^ a n to o d l; hcnylo # I^fch naphtonlon© rufficiont oxrtortoont©
tmV© boon ©rrro to tuet* that the fusion of two ItcltaXo^  rings <?©o© art .
%m4 to  s f i l l  In to rp ro ta tio n  o f s u b s titu tio n  rostw lto w ith  t* **»
hydrocarbon* gho a /p  r a t io  o f then© anhrt X tr.t 3 ©tin I#  d ioenr^od*
fho ©stportecnto toicb tc&ford hn© w $ ©  on too rfgratscn of
mo~*X radical© in o~rriteo#h©nt>Xo {£* A^or*Hhrn*r^o»* 1 0 1 0 to data)
1 Avo thrown H t t lo  l ig h t  on too re©1’ o f toes© ©hang©©* In tro *
tetl o n  of too uao of irnlphotiyl HorlvatiToe t \ m  xwaaXoA (X) too
tendency towards tfonr>o»solo foi?r.:mtlon in ^ .aoinogl^ otxoXe (S) too
doptndonc© o f  too  r to ra t ia s  on * ^ n  property of to #  teyl croup t&eont
toon toe ©n^Xrxilt-honyl group* A theo ry  o f to ts©  <* . jt# o rto n t d
vhlch lie© led to too detection of acyl ninratiom la dl*&yl*>* u-lrjen
ptioreXa the eo*’* action of several of Halford** insults*
E le c tro n ic  p rln o ip lo ®  ps^vido'n-ts^fom bejsio . tm  the . In te r*
I *© t i* o i  o f bii© d iw ir o  tyyo© o f  reaction . reeeMod in  t  Xp
■ ft
P1V  a u rh  ifc  i n  t o n o a o ih lo  U r n  to e a o  d a ta  t o  t o l l  in .  ? M c t l
dirootion the ehfiPipo arc distributed cc botrcoon too group a M  
the melcuo* a consideration of dlauhotltufcod bonsonco aaabiee 
this to bo aahlcvod# e^otintog that too boneoao ring lo i: rlfia 
t and poaoooeos m  rxvut cmc! that toe pvmic* act ifidoponi* ■
c It Is a almyXo mttor to cxm up too cflocta and ”*»
witli too c&lonlafcod values* Mslng no cm Hie p&ytiwX&rXy
O'Oeo of too j>*enbatlt ofl sitrobcnooneo m  h***Qt 
f t o a t l t w n t  M/ •B a te sM c ix
5 . % ** h r : ;v o x *  E o ro  Ib o n  o y r n o t r y
^  r >*> *<U C le a r l y  3 .7 3 - 3 U E O *  r * £ ?
im tt m t  3 * f 5  +  2US3 s r * n
f t  :; - :#*$§  C lo s e ly  Z S m  + 0 *C 5  s  4 * 1 0
and n o t  3 # T O - 0 *4 3  -  5 * tS
B r  t * © #  . C lo o r l y  3 #7 T - I * C 0 *  § * ! §
and not S*f5 +1*130 * $ # $ 1
It la l2n:#<!Iitolf- mlafbl# toot too dipoles of I %p # 1  and Br ar©
of too oamo tign* whilst that c*o to CH4 t$ : of opposite oifu#
£’ino@ too dipolo duo to. too nltro nwttp r J  !o la f o direction
of its cce&pdI&p •iirlrlng, thono ,c fSto liilloat# pe^antot ©lootreg*
toifta In t h e  dlroctioBsi
^ — t  . ■ ■..“ — ^  ■ ,*— -— > ,
Cnn r!*CH3 C6H5 *HaX C6H5 *N0g
Boro ^ ov Hojomdtol f 1020#££^9l} 1ms t’c^x t7
too flTolo aiomonts of j^isitrocmlaolo ana n^sltromiltoo are abno^mllf 
largo, which saint noon that the too groups ctorcioo cmnidcrabXa 
mtoal influence*
It is * Ii tooon that tho nitration of toluo&o i ©n«n fa with
felffw* velocity tbnn that of Ixraono & w m  alnm t e.saluciv&Iy
t*io o*» n?::S nw'onlv&fctvoa* fM s  »aotlon ©ill servo ti introctneo ‘***»•
vlws on activation* It la universally ac^ ?<Kxl tb&t tfio
oool: mr&tivo centres? for attach# If onbcfcituttoa oeottrg to t o
^position.-it is no cor tod teat fte n^cei' on atom is to m m o m
■mga tiv #  <*C83Altto& ifeaa © ftH ar tlio  *£. W  j*  a t r  o* rVo
fils tia e f theories timm boos MiraueM M  mmmM fo r tbe a « j|:
substitution at toluono* ti\ooll si^ norfca tT at tho forcing of
t *  ^  tfeo nueloun by the tiotbyi p w p  result# to'
aor.>,o;,oBi1ton dioi>laoomonto of all tbo valency electrons* A
slm&lo ainptoconmw w M  oteadlly tltoinlah in totsnslty along: a
■ ctmla of atone? so tte& tbo $  stet nit* it bo crq oetod tn  tm nono
re * tivo tv*n tba n  aton ?&ich in. turn rcotalA bo tjoro *:>r* tivo than'<*** . ^
ttio H atcta# logtottiBn ctcrio of toot® substitution s!iouM proceed 
$t) IngoM curnnunfco if in difficulty by aoaiving that offsets
east bo trcunonifctod, ttlroctly acmes tho meloti% an tlon
Justified by i*auItoo,s oloolOTnla totorpaotatloti of' ito» formto 
of bonoono i 3 + ft* «-»?*yv>e»>ICftl * >1% 115D)» IXg* 1 is ta!:on iron
£ 0" f<T a lllro  ehorno o f omsXlor roynttuClo# I t
fig# J# , iriXX bo soon that tho £ cmd $  enrtxm a tons r
Ufa activated directly billot ifeo of the n carbon trton
ordtoary poesonte c f substitution ere ItaiionoM in etiaractor and
r  £ r
J a i f i i l f i o s  ‘ a e m a il  n e g n t iv #  a te n g o i
a 01 ffoment v t
gu arn$ufnteeX rJtobable oysters* ctivo Tim  to tho ihBriamna ©# 
ire to n o r im  occur 3 tfi o* JL esso in  crenafct© ay etc on* to  *ng9 
for onanvlQ# iti© batodionoid' ifotcsa frig * to) diaplctccgasnt Of its# 
oXoctrona o f to  *Xto in  the aoquiranoni o f  a no ra t too ot r r ' o
fey §p m  C f * ■ CtoiX&riy ffe®& the batadic»i€ system fomo a Ptrt of
oc C T ^ i « * ft t, ,. -lu S iiiip  -— * i iS iln l -——^ . i i in S i i i  -
*# ^  »• »* ** ## **
XS|i* ft*
I  ka^ono nocletia (.fir*"}#  * r>tq rooa tho ©ton X olXono Its  electron# 
to ocae nore? tmlor tho Influeryco of Ca| th is la tto r t r i l l  to m -■ 
e e e ro 0 p © n tlto n o k t o n t  r o l t o q u t o h  i t s  c o n t r o l  o f  n i^ e ^ n o x ia  t e  
..fsaftiati with Opt Ac a somxlt Cg acquires a ©m il m ^xtlm  oharno
or the offoot is  fcrenratfctod a to rtlie r <v*\fcla toM  anA • ■
£ ^ boeonoo nocotiw to ohsroctor* Btgolo^moiont moBttrononto ■
|J ': f t  V
compare % - o ^ < ^ ^ " ^ C 3ln^o 'tt **n * .*. m*> \. if" r,»*c
q ff
r i f * a
tovo chevm th a t m o tliy l I 0 a fprntp o f th is  !:tod  and so tho  
paoixmdoratto^ £r<2 ^-batifeutiom it oxplatocd*
torlandor { Bo *»♦ # 10 I t o q S L p o c * )  o ' n  v o '  that ...
:trlmotlifloirnnXtrr:i teoat&c# dlphoryliodinlw Bibi*st% triphonyto 
l^too^yrhooplionits nitrate# trlxhonylonttoony cU *iltra t*»  triphonyto 
feis*mtfe atolirmi# *sra& diphoriyl^lood dtnifmte nil U M e w s s b  aiibstlto*
t lo n  in  tho n *o o & ltlm * am roruenU y ho 1 i^ 'n o d  th a t m p » s i% I«"**» *
pel© o ttn rtic4  t o  V ha  m m lm s  -la g-orleattag teespsetit© o f  tha' 
tu fru o  o f t lo  r-P.aonO''! f-ton* latyoc’tiei-ion r f  ruoeo; r*lm  satwafeefl
e&rtm&tow Bctroon s poslfc&w polo &$&. Wm w c l o w  ifcinunoo 
t to  r*Q2icr>ttnn e ffe c t*  Thti* ta  mon f2?on tfto  to te
• s * -  v ” ’ ^
oMainca l>7 tone* and lnc<>M t?M &9&?»£5 6) fox* Wm ,
tsftiaxtion of a *503?$ 00 01* mrrton* salts* ... •
fr'iffynrtyz* t* O'ijf j^/C4* ';*.••
" i f e o . ,  V * W  0  >  C IV .5 'J „ .I !S 'o -5 ■ " 'lC T ft*C :T r * C - !o .^ ’ '0 ,I , *J: I #»> 1 «!/ I !»■ fci ■ ■ I & «* & *>
loo ; '■■ ss"- ' " "■ ■ ;' I f  ' :-y ■■ S
It in  notr mCG3&CT& to account fa ^  tho n caxbon nfcora h o ln r tso^o-. \ 
titles? tho jgj. imp w atom* If\vo M  Ii0a#cit») ptcta^s 
tha proeoact' 1$ ttm following ray {FXg*4*SU JSlctttrong aro 
totmrto tlio pocltlw eonteo ao ttet the £  ob3 js casten rtona aro
dowofclvcfcoG tliilat fcbo n enrteB alotig dulf a ooooini
f'*ox* deactivation* 7W b i t \xtion’* rhlch in r^y rn^o v i t X  ps^ ooo^ tl
lots Tca&ily Vhm in  tfco vm o of tensena- l^ <T rv^rt)*- will m&m-
I ft 4
< \ie f3 y  in  t%3 22 pos itio n#  obi ? on U jv % c it* ) auyro^to V  >t
S — ' O f y .  / ~ ~ \; B<v_/ ,
"  ■ fif.s. F % .e *"
tfio aaB@ of a fronp %  t* ieb V o  a cteovt attraction £01* oloot^osa^ 
all w i l l  tm  tm m m Is B ro i V t  Is istiit**
lie d *  ®T a l l  t v o i»o?naiBinct a ie p la c o w n ta  fF ie *B ) t* a t tu lia o ta t  b f  
ft) t<* r r * o llholy to load to xmotion# t>oc .a eo reaction topcrvto 
on O o  aeovlronoat of a noc&tlVQ oPcryo and of all tbo ©osten Jttra 
» M t can bo ac tiv a te d  €y baa the* cm nlloct roDitttro ch.cxx°* **ovoomv’ 
ttic ipnoral offcot' Of' tli@ ® to iiftiMt tlic orhlbitloix of
c i i t i n o t i  o l i t o & i l t t o  and  t h e r e f o r e  w i l l  ts&m  $l i f to #  !$ & $
r e a d i l y  th a n  t o  i t s e l f #  P a te r  ( 3 * # 1 9 S 6 * lH f0 )  B o b t o a *
v ie w s  w i t h  t m m r  l « p § W i  s n f fp o M e n  tta&fe art® .#©
% h ^ » fi o*& Zn fe to  connection i t  is  o f in te re s t
th at A ft ittfto R iito  o f a p o s itiv e  polo la  damped onfc more ra p id ly  b f  
; th a n  W  a  s in g le  I M » .  0) ^ B i t r e t o p w o  g iv e n  o s i j  $S&
■at tli© w k ila t p *.p li.o B fto it» 0th m 0 m&BV © te lle r
conditions givoa 13$ (ftoMP ami Wilson## **&0$£*$4$>*
In  ep ite  of tli#  M pole m«mfe o f ^Immlmmmm- being in  toft 
r a t i  d i r e c t i o n  m i t h a t  o f  B itw b a B a o a o ^  o l i l o r i n #  t o  a ta o g t  o a e ln a i^ o ly  
o«£ airoettag* A #  o k io riM  atom poaa#sa#a 'Mm pm%m of electron**
©m3 i t  mmt  to  a m iit  that Wmm em mpmbl® # f mtowimg into
toctngto «toh th# melasr earh* a m  m a»  tto  lone pates 
of n&tmem fftft a i» )  and of ®%®w& I t *  ftfemtolMl* Inaold is  is  
ap?aoMit with hoblnson’ * » d w im  for tho propagation o f ©iectronio 
fttaogft* in itia te d  hr atoms pem owiag £vm wmZomf aieotrome im o
Q to& tf the i« i« t r le  M^pXmmmntm in  autotcmeoc such as
towoMa and th e  rop a lo ion  o f olocteono from the  halogen atom ore 
b o th  o o n js g f i t i i? #  i n  W p *  i t  i s  r s m r S m b le  t h a t  t h e  tw o  e f f e c t s
to* m t  *mme& op toft# s in m  the preaomlmtimg $&*** Is electron-* 
a ttra c tio n  from  to o  lSMtoifcft» f f t w l t  in  ^ s u b s titu t io n *  C «toU S«rfttlM ft
C H ^C H j,-* CH3
.? N&tfTRf\u th e  h n lo g m m tm m m m #  m%Wmm0 so  e f f e c t i v e  t e
;,*> * lo a d in g  t o  r e a c t io n *  omsmot h o  o th e r w is e  th a n
f? j N6tfTRftu m i  w le o n to  shew  $ d lp o l#  o f
t o * 1* o p p o s i te  m m ® *  I f  th ©  o t t t o o t o m  o f  © io c t r e m
o f fchia g iw  |K>int to  mutmtAc^x Mmt tti© %m mftmt®
mo in  ohmmtm# m  in to t t iir #  ®£fmt %rnmmmmt in  Mur*
m tm  m& a Wf Is  sm&iim #n&
M » i t * A  %  t fm  t0 0 ic ia g
B##| rioMmscm W&0M p iH M e  a #!§### & # tim  o f
imbafeltrasnt# #$•#* a iMgatiwo atom p s M le s  usal
a p o s itiv e  atom t o k f i  a iib o t i^ t io n  in  t te  $ i# i$  n }  p* i  
em idoi*&M ©n o f tls© iu t e t i t s t lM  o f himmohb&i^hmzm®® to  
im tm & t im  fm m  t$»i& points o f i?%m+ Wm o&mtmm. nS ftm tip  o f  
m lm * t m  i & M ,g m w  i m  ® m k  o f  b^om in©  #© t t o t  M »  d t o t s i  t o o M *  
iw t-in g  s ffte fe  o f this* atom ia  aad fH# tN tttm iw fti # f f « t
is  mmltov’ than fs ta t o f Tmrnd-m* I f  1 omi X* £$pr®s#nfc tfe© M tm *  
*t%tm  o f  tft#  &£$*##& offsets® to#  to  i t  ana B r
m$. i f  f i t *  and f n m # ftio  # « t* ®  I f t i i i g ^  IN# s m  fo»  €1 m&. hr} 
mpmmism Ito# a iM v ita tio c i o f th is  o ftm t m  bottom  the  ©? g  M i  
j» positions: JF| %&#& ttm  $£imot mftmotm w i l l  ho m  $M®mu.
Xf lX' f '  /  \  X f  + X'f
xf^x-f *4 J
8t '
la  the ease o f  the jg eorspound, e ffe c t I* .—i f f  :.«  M t —f * > —x*
( f - # * } > # »  sc iv a tio a  la  g re a te r to  p o s itio n  i .  to ss
to  p o s itio n  S .* P ith  the j |  om&m&$ e ffe c t S .—e f fe c t  3 . « X ( f * — f B>- 
X H f*— t njy  o, Consequentl:jf t-io direct and feaufcoraerie e ffe c ts  
BoraMiw la  the  js compound to  proe»te s u b s titu tio n  g  to  the bromine 
atora. on moth e r hand to o  d ire c t e ffe c t naas eounfeos? to  the
t«utomo?.te e ffe c t to  the o oen^onwS and, a c tu a lly  n it r a t io n  to  th e  
extent o f m i  occurs to  p o s itio n  S ( f io llo a a , I§ t*tegy,eh to ,»161B ,
M m
M * f l Q |  & X m  t o g o M  43W )* H o t a l l  m h s t i t u t i e m
f e l l  in to  M a t w ith  #0 w l l  w  th is  4$ tb#  a p p lic a tio n
of the iw  px&w&pi&e; to a^altTOtotoeti# w ill mm* t f  % l f * 4®
tte@ inauotto©  te flw n o o  o f the  m ethyl group on g# j j  m^. g  
p o B it t o m  $ m p G d & m & &  m t i  %  & * ,  n *  t o o  d i r e c t  I n f lu e n c e  cm £ *  g  
soft | |  p o s itio n s  u n i $*$*##* and. &* # *  t *  toe
Ifg llH i of the nifer© g&mp# tm ham n& the to ta l activating
M i lm m ®  t o  %  M 4  * - $ - • #
6*3 - II-vo4) i&»€in> y o
*4* 4- {d#y$|^i
4 *d  -  ( a, *•& *’ i  — } -  {!>*i>*f I -  (c i.«d*)
Stoetituttoa abotiM oeeur ttMMS&r* S ^ 8 } 4  *gft tibfr M M t l  o f 8 
w ill cispoiad m  to# r t h u n  w^aiMMMi o f a «aa »• 
I l i fM N M m fe M  C ^£ *s to S 4 » g ^ » B B C S ) m m  S ip te  # O T i f i
80S) te f#  eM &ffft tym miUmtim  o f a-Mtrotsoluan® and rmcfe toe 
mmhrnlon I M  ■auhstltotten 4 } £ ^ 0 |  cm b r« im .tio ii tost
principal product la  too 6- derivative  w ith ® amMMr w m t  of to#
4 eosspmmd tstoeufclon* ^ malons Although I t  would bo
fe o iito  to *»  mumpl# t f  toto tfjp* against « © a  f t p s  t f
totattto ftU ft* to# complicated m ttrn  o f a p p c f^ tlf  eim-1#
i n  m & $  rn m rn m *
fhe promm o f *d l* t it» ti# R  lte o lf  is  p ittU M t by togeto. aaft
S# 4 * +
law IN I a f  A *M ) + i$N #1 >  0 
In ip M  is  'Wm to llxm ixir sragjrj*
+H a h
HOHO -feNO*— 4”
■%%om $-3 n o f to# # f  fe#
&&&&&& to  #*#• -m^xm mtm% vMijh hm  to  waf g § f W  # maulX
C iiM i& ste i ' b f f i *  'Am e e ^ la t i«  o f !fc§ jftNNMMflt I® Imftifjfefc 
itotoi Sgp a W N i fw o r to i factor* to  f e l l  o ia i ttm feMiio$$r o f fee 
Ihgptooxldte t » .  to  fo m  ii&O toiiit& toisd w ater*
Him®  fe#  p®mm& w&$m% 4# m iM iy  to  o u | I i »  fe #  wt&i&to o f  
t i^ m ia s te s  # f  o ffs e t#  i&  a iw | l§  fee sa&to
mmzlmvlmm w i l l  h® m m m M ®m  w ife  m lm la n  « f  o i l  sorrows?n tn l 
tofca&L tf fo o te  isa j to  to  to w s  d is t to e t ttagret*
| I )  In & ttG ttm lf M m g  sate*atoe! f e n l *  auft $o ts i¥ X f: in  agoofttle  
a n i i i *  to  fee? I o m t  oar# f e t  Im lm t i t f  O to to i^ toa iN tfu to rl^  
in  fm iafeg  alcmg I f e  « to to  t s i  togr %4 negU cteft* * f to #  
feo fo u rth  aa fe tn  afest#
<- GBg «-€!?, 4-0'%  (tO ' - * Ctl^ j -^0H g-»»g i*X )
Xb fe#  tobt«9P fe# # fto s t OU fe$ .£ t o i  £  l lM : »
f f j  M roct& F  !■' i f  fe to  ®fim%
■ la  t o t  ihhwo fe a t # f  fe© to te *c tiw  e ffe c t iM  boc ■ 
feoy p M M iii a aip tetloB * In  0&iajwite& titst&tol fe#
##f#e%§ ito  toto$#*Ato m i to aramtie stotoi# ttiaMa* th#
actlv&feioxt)

f t# U #  m o f
m l C%~ml$A in t r ll i^ o *  r M le t  and
o ltb  n»i® lum oru Ip b o n /I vM o* X 1o 
o m  £~nl t  fccteldtn#- i l i l  6 * n i t o l t t l d l n o  t& tt i jj*
ehlorMo £al?p onljr th© ^Isul:vacmaii5.11500 
flto flti# of ilmliiiossiillli* win. not '<^ uontltctlva won wbtm 
tv?o rjolcouloa of ih© ©ttlrtonyl chloride wore ortployo^^ : 
and fec^ofor® i$t® troloclt? of dienlptonsttilid© formation 
m a t  to fiicn eoais-tred wltXi, t v t  of taonorul; honanlllt’o 
foxmtlcti.* ft Is tftorofore ruo^oear/ first to occoont 
■for I to  ftlt^ r^ la h  t o r m t tm  o f  o ^ ^ ftro a ilit ic n im ili^ o s  
©.tie! tbo jNMwSy c o to ^ Io n  o f fto o e  oor.r^ssr’a in to  f  .
oni CnlloM#*#* *%?*£, t>.'^> In 
fw tc iw lfig  %ho % b » * a l ivr® port lo o  o f  osrtfr© cor^xmndo 
$e&$ti tho eonoltVvion th a t or-oh ®orrotirii> eon&rin fiir®  " 
o r ©is matorod sdLnftc* on® mafcw o f  Moh Is m m *p r€ *
Inatc-d li^ lro ^ o n  otoa* Tho X'ootraXa fo r  on g * M tu  r J ^ o  e& 
flilt i?iw is- ill* and if ;tto ctelfii® rise Is otnbl# *w$®s*.. 
o lk a lls a  e til tiontrnX co nd ition s  V o fo ilu ro  to  orot 
r i t h  © n lfto n /l o lilo rid o s  in  i& riC itm  m M tim  m- trstn 
b o llin n  txout ic  otSt%p&vi6o in  r c c M l f  xculoptt& ixt* llftggs 
o f  t i l ls  M t&  s ta b il i ty  o|>posr to  to  {**$*£&& is  
R e f i l l#  t o t  can bo im o ^ lo te X f broken h f  a d d itio n  o f  m 
l i t t l e  on l|ta r?Q  ecM  v,e>m ooot/Xa.tion p*oe*e&a ‘» lth . named. 
oGOOt It rouXd tizfOOT thofc tko wlotit/ ©# 6£&a&$hOtt* 
onit?* a forcafclon in  d * i« *n lM d  t>f tfeo.' tendency o f t to
l r/.
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atom fe# ixmimMcm* Wm
ttxo of tfeo
BitTO«m4Mn#s (X) reaot reaclilf with a ;®oXeml© of a 
milphonfl afelarifto* ttet of mliiiit (IOC} roooto
w r f  slowly* litis M ® m & &  **£$& the Aso^Ifii
(IX)
0 _ wox
O h  O (X)
O ta»O b#r o f  t i l t  ts iteo  gjptmp which ia  m o t o a o ilf  sm tfaf&M  
i f  the  I^M W W  o f the  m&m**- gs*mp separatee w ith  a p o a lttvo  
charge (.gives up i t s  e le c tro n  gxj& m  a hytl&ogm
ic t j l  IM ®  -tosTOaao in  m M lc  $£  i t  i  tar wm tm t
th a t av#i* o fg « iO  bate* f to M  s ta b le  to lt#  w ith  x& tM ttitfI
tov giving, m& P f t i s a l t *  c r% o R*H02 *G# 4
fcoluM toe (X «  la  r-oatlll^  o ro p & i^  hat 
^ ; i i ^ t e ^ u i d l i i e  { S I )  and.
©*^ a i t *  to iu i& iiie  {$&££)* in  ^toton $Si§ a s t o  hm<toogo*i. 
titam w i l l  b# » »  hl.#a$|r iim faod* rm m t fam&di&bolsr to  
g iw  th© eorroapcmdiang a ia m l|tic » 3ailM a#:*
ff& thw  W P ftto in g lf  1®i# © o b ilit f  o f th is  hpftrogm
no4
O r < -
(XII) (XIII)
i t  *  00s«e6?!r w0g ) 
o.ppea^s to  ho oonaM orciblj tofluoaood %  H i# m ib stltso a ts  
present* fa  tho bonBoneim^tior^rl g m ip * F#£ « ^ > X o p g *  
«iitTOhosismiosiil;plitm^l *^aitiiosrii l i d ;0 ( IW )  m m t&  aximt**- 
-with ^ to luoB osm fatoB yl 
th #  m  o^ostocm taX g p p titto M  ^toXB O »auX i:fi;on^f- B l t r ^  
axsilia© { » ! )  g iw ©  only m Ufojt j l# M  o f tti#  same oampowi 
(XT?) H im  tre a te d  w ith  g ^ ifc^h a iiseao su X th o n ji o h fa rld o #
o NO* ai NOt 0
H t  / — \  * '  \  ,  r
N -S t< y t% N 0, /  - N  y f i - S ^ C ^ q j
t V _ /  V  £
NHX
(XI)
fXOT) --- -» owj «--- ixvx)
Tfeis v o m it saif^it fee a ttrlfc a te d  to  a s s a lls v  ro a a t iv ity
o f toe ch lo rin e  a t am in  ch&ovM®
m m p m ^  w t t t i  e h iw t o # *  t o t  m o  f o l l o w i n g
# $ $ » ! » » %  M n fe l0 0 @  f e e  to r o r t s n o ©  o f  f e i #  f t e o t w *  i l t h c m f j i
e h X o d c i#  m m t o  w i f e
tociosttog that (Xf XX) h m
no t oxeoptla& al re a c tiv ity *  .^n lt^o b o n g e n o s u lfe m jl fe lo r ia e  
la i? g o %  fe e  o w in g  t o  to ©  h ig h  m *
m t iv i f e  o f t t o  to te m e d a to  ^ n itm b o n E o n o e u ^ ^ o ii^ 1 - 
rslfc»nalSMo llflli) f e M M s #  to this m m *  
mti)te®n$X fetortoe* A ©ffeot la made evident toot*
'Wm n it r a t io n  o f l>on^flai©%!wlaitlfeono is  %m$ w i f e  th a t 
o f to toono^» tm X ptto r^l cb lo rlrto  Cp* 40 |*
r>iio M i  o m s M o r e f io n s  # p p l f : t o  t ^ w i i  i •
O c^o r& im tion  dixa&x&c&M the  re a c t iv ity  o f fee fro o  ®®&m> 
fXXI.) b u t the infe#%iv© o f f  oa t o f the halogen n%am %&&&& 
to  a p o d a l re a c tto itW of too  mim*h$&TQ$m  o f tho in te r *  
saoStofe $&1 CM) • 0osa#ip»%lf' SsfMtfte»
$n& t d t e c » - 4 ^  g iv #  o n ly  M <m lpJhon~
nniHdoo {XXX).
0 4 — O'N -s-C yv> N 0 j_ {W :in5(XVII)
NDi 0 NOj. o
(XIX) » (XX) >  (XXI)
#f a fJtenol wtt8s a mlaaalar quantity
o f a e ttlp fe o ^ I ohMxrhl® Is  m lu b lm  nm alt®
r e m its  is  ttm  fio A lift.$$& o f a q a a s tit& tiw  j ie M  o f  
th e  m mSifsakafe*# uite&w® m& M M *  lw « # %
&mt tml'0mm&bm m m  m tm vm lf m»
m % tm m t  cs&M Ha isolmtocl m3® \ihmi 
waa M&& m  'Wm am Sw dM s agest 1970)*
m i ^s 4 ^d in it® ? o ^^8 rtjfli:rl^ ^ t0 M a so B B lp te iia to  v m e tfti 
isstantl'ST w llfe p f § ^ I »  to  g£w  p ^ li ia ita s  m%b® (MXXX 
mB. % t,ttl)»  £«&$% Vttemm m& ftM fte  m m m
th a t mmM b# e e tm rte a  te le  Wm m m m im w i^^
%  %M aetSota o f j> tM luona«X phor«fl m A o rid ** 
M  a t;rp ie a l M hqA## pios^X w b  ot&tainei f M
p ie r ic  acid  eM. s im ila r  m m M  a Haw Horn «&*«£&&* %  la te r  
wotfeew- Hmm m& »I f  14#|g^ 3N & li Borsdhe mM foeke*
tha rlJIg ill 4tfl troggiiiiiO 10
h^ofem I f  m i&$ the a is tia i#  r in g  o f  m  £*& itr© ~
imm^k Ij# esiiow, 100,01^) m m  jWK ••
to  ■ 0»in% ' In  the ps*as©aee e f female m MUu Ceoao^ttoatiy
all W M  %t: expected to twet filth
ahtefCiaii $jn pfrldim setatloii* To wti&i£4& 
th is  point, beyond (Mmtlon the in  tercet ion o f p ic ric  
m M  with ehloriaa in the prtienoo
of 0 0Id. ffriiimo m s  axanlaod* Ha diffSg&ltf fit 
to  lftolafei&g
<mlg*toKi&te OtXftf) in  atoaat f io M  sad
therefore i t  app#»o th a t a l l  nltrophonola do m m t
CsHgN a CgHsI SbyC^
(XXVII)
(XXVI)
HQi (XXIV)
i / —> ycsHs
no2
(XXV)
o a a ily  w ith  ^ to in o n o m ilfih o i^ l oh lorido*
mm a ra tiw r w ia tih l#  
M M l I  whieh. mw&itw |SB ria© to the already Wmm  
pieryip^rMiiiiM pfe»t© to?) {BUaeh and Kogp&y $*pr*
CJ* e ittie r t f  sweated
crystalM m M m  m  hf ®o3^ tfion in eda m&tlit acM* wftfe
aledielia & h i t  fprto «  m a liy  aoparnhla
»ilmtn» of pleift. etn'iorii# CXtfl! -and- picr^liifrldtelim 
rhlnrlde t W U}* ted ifeo Itiifew  was easily dCHMr^ oed 
If m w  itstfi? to g im  ple'cat#*
It appears probable therefore that P  e eetivomloa 
o f a itieneX into the correspond!^ shlaroban^ea# % the 
of gfetariie tovolwt
Wm following $*>
ftienol. ^
fcolUOTo&ui; >hoimto
fii© of #f Wm.
$mk t& m  ft» mmXm& to aiamaesoo later |p*30 I#
D* lBm Varied Jtehartottp of hm olB  xkIM i
.;. '■ -V&Xs* •.Jfcif*. % r V3 W 'V r t t A  .%<?. ' \  '%<* *&■ *
ttio mrt€t» w % M €  It m m  feeiM! t^at 
^«i.fi#iSMi§I »ootoi, #li*itf wife p^tolm^tsBlitos^i 
o^lortcio t#  r \ m  f i r s t  fho tl^ -to X iim o s ’u li’lio n ^ I
them itt© it o*tf I«j^ t^ 3b^ om©t3dphoj^ l Oeriimti’fo* $mwm* **
m i M  1© antis! fi» tfae protrioati iiootiow :«itei 
«Hvo*tcosk> fro® nlrtflo roaotlon #1011
aiito** gra^p# w?o p e ^ i  te it® s#x#»Sa*
leferfe set# \* m  f it ts t  fjtu&t©&* in f M a  Q m p w M k  
tfaa nr# so s itu a te d  a$ to  feottim i# liio  lf# »
wm$% i 'r « |i#  i th  on© wolmmlo  o f ^to lm onom X plicn^I 
e^X»ii# it ^  i M  pgrri&in© salt of 41 
teto§?»p4ti;ti^  ^ fltlt) .M.^ootlo « M
tet n^Iag iHo froo yhm ot {xxwrv) aftot? p?acl station 
$&m  © ip i» o  asi»His#' H it#  f f r fd ia #  « l t  o « M  fet nootf^  
Xsied to fito tto p^rld a© m l t  o i  %%$*4in itm *U *^ tQ ln o m **  
ist 1 o^iwotrrfda^ cmQi (MMJ)> nltovmbitoJfr pmptir®& te$ 
a ^ llt lo n  o f f f f M i i ^  to  as 0 0 #t ie  a iit$ tir iils  soXntI«m
oeolato
tilll* f&ia m m tim  imm a pwailoX la f$i#
im»diata pracl jitaii* of pfi?t4it»© &&&$&$$ m
of pp?iatiiO- to piorf I  nootslo €t*olwi. ia. iiottto ast^Qpide*
NO
o«.C 5 H£ N
(X X V III)
6ft «,
ftcX
(XXX)
om. c s h5 n
NAcX
Mj,
(XXXI)
(XXIX)
(XXXII)
NOj,
(X X X III)
X =  SO„.G„H7 7
f i f t h  tw o  o f  e h lo i* ia ©  t o
p y r to in o  a o J a fc ls a  p lo w s d e  a o M  g a v e  a  ts rtg te fc  o ttm g a  e o e -  
p c m A  iw o t e t a e  t o  th e  u s u a l © o lv o n fe s  t a t  o a s i ly  s o la h l®  
i a  f l i l u f t o  s o M a  w i t h  f o m a t lo a  o f  e o lo a i- jL a a s  s a lfc e ,  Shoe©  
e a lfc o  m m  d© G oapos«a  fey f t o l l t o g  a q u e o u s  s o M im  a o o fta t©  
t o  »sgsB H W ift©  til@ o r ig i n a l  o& m gm i © h lc h  © a n a o q a e n tly
a p p e a w * t o  lim e  th e  o o a s ft ifc u ft io a  ® * iy < lT O « S i4 * e ia . it i» o » 6 ” <g« 
t o l i i m 0 s « lp * io iiB r . i( l© |to ® g r l wiMs^ hy & e o « M ©  ( x x x l l l ) .
A aorapoKnd ecnbainlag a s im ila r ftyr*® o f ortho d ipole (XXXIV) 
has tmm  dwopltwa %  f* ie s  en« 8*fe*iw»laoWiidt ttepalso,
1936.4B4.a4B)» It*® £>G8«iM liftf ©f obtatolBg palafeofi « N p n !e
trlts?, raefta aftS jhmni a i0»l© s was «ha» iMH&MtiU
(XXXXV)
ox
0 -tm
NO2
(XXXV) (XXXVI)
X* SOgtCrp'Hr?
N04
(XXXVII)
if io  imm  g im n h f n m m iM  « i  {3 ^ ff
i®to*j||^4t§§) Ho* fefe# nitratien of tot 
I t ic t if i  o f jg *s ® i» p h e » l m m  farnxi to- i t  to *
om m m t* wm&mw \m&®& »  aaM ffeions 
to lB o n o aa litim ar^ ^ o iJb r^ ^ ^ to ltio n .o a iilp ^ o m to  (X3CXV) v m  
oi&atotd oat ttito  with p^ppiMm I t  gtm
&ft$W hf€f*M# (XXXVI)* Uto ocapcraa waa altoraotivol^ 
|>g»*$«i&iil aotoltos* o f
omloliai3*fift0lMMoso ( j w n )  to prrtoima* B*a M s  
m m m km m  (£ • *3285^ 3068) M m  & m ® n tlj SmmihrnM a 
& f M p i i i i  ritog a
€ i f f w « |  I f P *  o f » t o  4Ipoto«
toaplevaisto «to iw# of
tulphoi^ fl chloride to pfrtttoi ^ototloa goto
ixx%'ix}$ yMnto WM WM& lo rn  st&bto %hmx th e  m rm Bpm M m g
C N* 
cHj
(X X X V III)
, WOl
%
o f  p lm m tA c  m % & * M  m m  *&&%%$ f a
ww& I q m®M, and e c » i p i S l l |  H ie aa&fa wmm not 
dmmmp&®®£ %  no&tm acetate at fa the m m & *
I t e t  w t»  I M i H i  oompcmnie its. fa fa ti fa#  MifeVte M M il  
w o  fa  e^j^positiena to ite  wfae* grtmp* S*®itrch*^srafae- 
ptM&l jNMsfl&isr ihto
$!□«} fat wmM.
a;So^.c^H7
NH'SOj.C^h-i
\
0-S#,.C1 H1
O.So,.«1H1
O
NH.S^ H-, f'*
-> %  , "'* S x / " * -
(X L II)  (X L II I )  (XLIV)
(3XX)« Hio m l m *  0»,t;i in hero ao well protector ttefe 
tho confound c&a bo d lr o o i l j  n H m iM  to  -g ift  S i i^ M lt r o ^  
€^eail^o;Jionjl^toltxcriomlt>or*ato (1&XV)* ?£ile& too the 
o n l^  j^cC act obtained  by in te ra c tio n  o f & *G ^ ix & l# 0 *@*
oni»r^on©x |;iixiil with
Z M m  am
MNpw&tte w%th thm-m In m® cm® of
mctm tliM* flff»  ivm the
m rm apm ^in%  %n ifeoir to  h^ flrolfti©
agoaats# thin lu  im m ltlj for by their M ffrnm m m
in  ctmotnup®^ .fn  the cm®  o f «$f3L dftrlv& tlv& e bho f M M t -  
of the e«!xmf/l gmm mnmm Wm m lcm l® §mm
to the atteeif of negetiire tones*
Ob the other hitM  are » »  r e e fs ia t  to
hforolytio agent® in  and are u m a l l j
bf m M  commbnmcti ooM or hot lifaroehXorio
acid* For <KmpI%
C a o a t» i ia *  * } i^o^fX-^%oXwwa%iXphoBat00
(XLV) (XLVI)
are all eleimlj hgfdrolyoeA b§f «*$& to
**£& rJao $*nitro«S*Gcol5«*
f^ ^ o ^ j^ to lu o iio s ia l’;'!i?>nato in  li'T ^ o tie e d  to  
xM o^l^^ toX v,om cra lph .ona to  {XXrVX}* o
e ffe c te d  %  m axi* o f  m B islto ® €  W&mo- and Xrttfaoi’&k !<$*# 
1 0 X 2 * lo l*^ 3 | have end# cone in to to e iln s  abaerw fciotiii on 
tlrla  subjects AlthtmtJi sl3^1^^tc3^c*^ect?2:fi^ no.tos $$# 
readily ravaged at? in# ^Hr^l-o^rfP^ li&bane* arylottli^ onatoa 
abety no tendency to  Iso ***  in  th ia  p o s itio n * fh a  mor?clo“iis 
reacts on bc<t?/ooft rh o n jl*£ y  t oluoncealphcnaio end aodiiiia 
oihosM o Sa onplalnod && occm^rinr* In  too stereo $** 
%%C.S02.C,J 7 + K«.ocan5 * c ^ 0o.®a +C0*^.POS' % %
0^<„C>,Bn f  C ^ , O .S O rt.C ^ > „ *  C,.HJ,S .C „ f^ +  !?a*0. r ,^ ,c :  ?t,,ltdt &>. JMf- li* j£* if # %)■ O ** *£ • iM 4 9
*Bm 1100 o f t^/dra& ir\o m  a f is s io n  aryo t la  described by 
Prowdoat-oiU c*^ ne i <£S&SS» a ^ l-
j» l» lu O T o r4 )li^ n a t© 0  tb# re a c tio n  ^o o sd ln g  to
ocmatloft la )  an.fi l i t  t^ i^ M lj^ o c u lp b o r ja to a  according  
to  acpatlon |p|# ■ .
A3fe»a«so **ft +  ■ *  &M*m+itM +  n«o*&O ft*it : c # | . ..
j& k / * *  r*wtf . . .
A ?.e.50„.R  + *T ,»KT« . = /te .C .lf + b w h . kcu. t? <p>
■ ' ■ * & . .  - - ■ mjl • ■ * * . '  * »  & * •  ’
lo t#  t'a o o n tif# / f n r w r  s a t M |4o^w orlio tt'
lOoO^CC’^lCtvS) botm zibarM tb o t rfm n j$  a t  1 con bo .
w r y  fio a tl?  aw oro it toy p tp e r ld liif  according ■- :•
v :- ■ to 1 W  fpmt*fil
ocpmtton {&)♦.' I t  ia  bow fonmt alfionrih th la typo o f 
n*o,soss* t ^ ItcV/!x§ * ***c5! + fjtj
r t t io tlo a  oeeuro v it f t  H i# s^om i^troxltonylanlphonatoaji # *§ *
£~toluoneeul$hon&fco* w ith  B-s4^dln& t  reifeenyX 
j^tolttcnesulphohsfce the re&efclon w$Qf fo llow  a second course* 
In  th is  cm® the nuclear lin k  is  severed and 2 U 4 1 -& in ltro ~  
l*;^ e n y lp ip © rl& in e  re s u lts . a ©  p o s s ib ility  th a t i'$4*di*» 
n iiro p h e n o l is  an in term ed iate produet is  ru led  out by the  
fa c t th a t th is  phenol form® a s tab le  p ip e rid in e  s a lt vthldh 
shows no tendency to  undergo change under the condition® o f  
the experiisent*
tllliaann {B .K .f* 194051} has described o th er reac t ions 
in  which d in itro p h e n ^ l^ 'w^ hX\^on0stilphm’iatas undergo severance 
a t th© ratclo&r bond* fo  g ive  only one ©stamp!#.* 2 i4 # a x n itro *  
a^nsphth^l^g-to luenosul^ iom te is  e a s ily  converted In to  
g ;4-dinitrc^a^m^thylphon^l«lno fllfSXl titem heated with
Wt-Ws 3
NO1
(imi) f t r a )
a n ilin e .. Moreover the previous sections record many azm ples  
o f the product o f pyri&telts® s a lts  when nifcrophenylsulphon-* 
afces are tre a te d  w ith  p yrid in e * In  these reactio n s the  
sulphonate group can h ard ly  separate as o ther than a neg­
a tiv e  ion# leaving  the wm&0m  W ith a p o s itiv e  .charge, m d  
y e t th is  type o f  re a c tio n  occurs only whoa the nucleus is  
already overburdened w ith  p o s itiv e ly  charged groups. I t
nlfht be cut&ttatodi that to© f n * ^  g** w® c m b i n ^ d
trith the taoo ftai to * r* ttormX electrical toar&oter is lost# 
0 0 le that of fcho amino- tjpoup on ootailcti in sniptariO acid# 
tafnott end * n i i &  hrtre onffwtea that hcco©■
€f,n mU 1 on to th> nitre* croup by the eorprcrslon ©r tbs 
n l1 1?^gen*oxygon donMo le a d  in to  n eomlpotnr aoubXo bend? ' 
tbo n&axtivo eTOponnr^s in v o lv in g  o t U  to t &l|,fxt therefor©  
bo t?rltton go {tlOTll}* AlfchewS* Xt id difficult to eon**
■ t s i w  # f  ffiicfi n o o d le s  © eititg  as isa © l© etroii s « w f#  to ©
croup etm no. longer ntaorb c lcc tro n a  by a ©oifcXu&oy 
<tongo* Attcrapto \?er© mod© te iooloto. imob additive cm** 
pounds# tat the follotdrig gubsttfftcoa none reoovorod is a 
pur© con&lttoa ©i** solution in boiling pyridine | 4** 
nit tro~ i*i>» tolTCisofijlnto23onyd 1 phenyl# 3 el4*<31nitra*4*?>* 
to iaonoralr^ono^/d i-honylff cli^o^toliton^^nulpl'toxi'wn'^altro^
■ an illd o #  ^toXnonorii^i;‘hoti^^riitro<4nilido^ and &!*g~ 
toluonosulphovv^^**nlt3?omiiXid(a*'' *Th© o n ly in d ic a tio n  e-f 
vonproin .^1 fommfelon nos o b ta in ^  vrlth p ic r ic  cold vm&ch 
c m h l r ^ d  w ith  to© i»>l©eul©G ©f .p ijjoritU na# one boinft Tory ' 
loom l f  Etttehoa* It t®  p o m l b t ®  that caditlTo ec^ranfl© • 
are formt mly ii» Mtfe t « M  to 'to gpteiaiiy '
ponltivo ercinc to the preaonot of many other ftlcetron* 
ataorblnn r^mpii in tto mint nolo#jt.fet end toot Then *© '
lood to  ir^o d .U to  ra& otlo ru  4rt lth  te r t ia r y  to  coo too p r im ry  
rer/ult m y  ho cllitob ionisation of too tn&phonafcc (Z *m p »
folloncnt to te‘iv>Xioto IntroCi*.© t ion. ® t n further nolocnle
o f t a ©  to  f iifo  t t e  t t i  w ltH  t© i« d tf$ r
&&£#$. Ifa® ffletifcoglsa may te® th® Mmm augr in ’m lm  m mS,gi*&*
tloB of Bm m  sugp^toi by Brwte Mi.
tf»#3(MM3t}.ft
°* / NC5H5
/__^ »<U>0* 0  N°i 0
/  \  , t - C5 H5*/V / \  + , t -
N0A\ /   * %  NCsHs O.S.C^ T
f&&$$ reaotia&g oas bo 1% $owitai difforMb
etam lpoint* HoMtison U ? ) p o ir to i
out th a t th© p l l l w  & p $  Of o M fW ff
r,oo& Mgotita e m t m *  nogotiyo iofio wcmM tocic po*iblv» 
f»0 s& hm g l& m  tte* m m b im i o f
%mtn&sl&®tx£bnm±® to  item  £ - 3^ 1. +  ife »  rocM fcly  
(Hae»fry snr»chin* * ISSB^4g*B0S> hoc dl&ouaoo6 tfc* ©Ste~ 
im ation  o f firOogM %  negative «m# tfo« $>2*©eo&s o f
o lia is a tlo n  o f ^ I w t m  fttrn  is  s ta ted
in tho fol.ioiwii^ s tosw# 'Us© ssttro* gs?<mp %  ttt fcasftlma 
imtmtXvB m& d irm b  ®$£mbm bm:t(is bo m&m the
0 ■
V <3 4 ,,
o'*? “
$«&* o&rtion aim pftsit&TO in oh&i’&oio^ tto h&lftQcn &t« 
assists to  %b» oaptw t o f the attaoistog nog& ti^ ioa by the 
teftoeno© of ito  »  attpaetioa fo r the olootrm s o f tlio
•oarbon %# Miiah it- Ir# attached* p^oo#« miteimtoa
in  the transfer # f  IM  $tai*st o f the roaipnt i «  •
$$Mb4 Ife# o&rbon atom to the d te iffe o  %MMs t& being #J##tei 
&i. «  &m* tb# oame mtihmlast m ill apnlf to the- fia®£on
o f imt th e »  1® Wm  o f
tfm e t^etlm g  p o titiir#  the t f f t e l i f  o f
fcho 'pheno^ / g m p  fot* a a#fi%iw «£$&£&$ oombime^ with tto 
w aitiT O  ctmr&if## o f the tsmlj>bnr atro  ia  mifflolas&t to m m m
etwrnrmoo to ®mw* «$ the o^ rgm^ Etalpte^  W$mm* Jtmmm 
*#Ksn the rmolear aai^ hon atom Is »$# poaifeiTO
lot least t o  iiit» gxwpa fcswfr r©<$i£»d># fiasioB ecm oeow 
tlm*a tsdth the noiiftihg affta&t®* o f the s^fete i»to  gm tp 
foi? & m gativ®
and Itest 5 ftot# that feml.s*a?iina
itf#i ti to g&m m & j
t%4mcnni.tTOphmi>ts "ihliot mmmX®. rd^ ea eU»S.tK>pher<©l or
memMng t# the- coMitiori of the wperimnt* 
IMm in the action #f bases sMits
it mw Be oomo^ tod w ith the mMfcim Fmianoid. sotw lt^r of 
the r«f£©at aa o/p ratio- %» in pmrt do twined fcgr the tet~ 
ionoid  a c t iv ity  o f the (p * 61 )*
0 <3
*f$* t<s? on nf 05 f <^ os*
• fb o  h ^ lro l *da o f a enlxipoi een to  b ra ^ch t
about t}? solution in noM t,m m xxiT^t^  m lpbvni®  m M  mont 
it vmn Itnmd that mitf €imlTfoomnl%l&o& are roaiataat to • 
th in  tronteont* l}ot?ovcr ruch coDoonnda emiM bo rendilf 
ooswortod into tl\® nnh V n n m ilM m  tr /  ttmtxim of piperl&ino 
<orruation a), 3& wiow of' tho pmmtmn m tfk. W3M& s&troaryi*
oulrhonntoa it ctjpoarod forcible that diiLitroonlphonmilMos 
nlfjht rocet aoooidiiii (£)*■■ ■ ’■" .'
s*»tr<w7* )<*+ r # i % ^ 0 « + % % > t v  eon* ' ' |i$
^ t r t n o ^ ^ ^ + iT iT ^ io  84 rhhOn^is + K tt{n rn u t|i} (b |
Mtncdif fll t M  rtisnlphonmllid&$ tm ^ & tIfptod 
awthlf i~*<* nonosul/ixiriordlidc v
f;iw nr* so torf utmblo tetris
rx!£‘t ft npxor$ probotl^ tt ~t tbo fcollo pirorlrlino eoioeion 
i#. brought obottt t<7 the chilitf of piporidlno to m% to m  
electron £cr~nv* .dotation C6J ** o~-i t tot i* ^  fission tr.
* i — ? ' — * •
i t  i t•*«***• #T   h'i'tf'
I
r«"'J'»*;",€ tgr 1;s3 nttrf'^ ra ctm having a l™T,a fiaicM fei? 
el;?trona efifl, if ttes-ts/© rcnl<?u©s attachod to it. arc eot 
•Mout-lefl then *fc‘ t has the sraatojp ©icotfon ofitaltf
stoatiM %« ;'yef,eat m  ths altrecc-Ti aft©* s<sa«M«®, liils 
C,oc.-o'i,us*oa v ** e©-‘/.ertc<l ty crrj eriiw.t, sl*-s© ^ *»ltj?o1i3«a» 
'acv'.9oal;'i1i-ja»r!.tolaoncaiill-hon-2,-TiitrioK!,d.li.aa (It} oa flsgiea
$ ttr« w if ~ts%tmm®tmllM® il*X)
( i l )  / ^ x j w  » » * f »  T ~  W/ h a )
X.CAW, \ — / ''**•«*"*«•,
(LI) Nfl N V * ( L I I )
N<“»- 5[ x*4-CtIKN»a
N»i . *9
«c _ /  \J«
■i Cc HioN.fte,
(LIII) / N'  ? < >*' (LIV)
s SoJ.t1 H1 \ _ _ y  SOi.C^H-,
4 Cj HioN.fU
• f p t a .  i|» M b £ '» b « o s e n & r m l|s lie R « ^ t < * B !.fc 3 :^ !« IW c i©  ( M X )  m& 
^■»toImwosfclp!»n»34;-rdt»ncs,&esiXitis3 (HH) gms© jj*
ta9te^a»«5#BB9Sto*, ««siiti'oaKsiSl&® (IS?) .
rn<;
1:1
^ f v m *■»:; -s j j ^ ^  vp r* x? «np
o St'.r*? str* so of tf na ^Ml^o^anS A*** tvrA
? 7**?%$®ll*"?'fvn<v*nf ft^ tir-fj*
XncpM am! Eto? (£**10CT#C$13) fcavo elosidfiod
c lo u t in g  g7mzm into few esto'cnlo© represented bf
tho follouinft eor.&tiia&'otift o f iiiCaotivol^ prcpag&tod 
cloofcroslo s tra in  u # —-*>  t a i  te^bonorle trc iis fo « >  
&|loiia> If# a  h p *  14-)#
,.: +1 .“ , • -I -1 + f - *t + f ■ ■■■
Vyi® 1 i n oxcripXifloi t^r to&iono* an! tioassraeonts af"
tea velocity of nitration h a w  ibowi that tho t^teyl ■
£ronp grootSy aebiratos - tho end jj position imct ;
to a rfUvi loos extents tho |j position*. r o proponcl* •,■
ora’tiaft o*j»*»bafclt&tian la tbo rosmlb of. ttiis prefer**
'*» » »  <###•
oaftial aetiwtlon* rhonyteis&nira « d  fconamoc^lx^onyl 
oor msds cxazziltfg  tz?yQ 2* I or# iroXoaity rjco^urcoants 
shot? that all tho position# m o tfoaotdvate& tel ibo jj* 
position to a loos TOtont tfoon tea o^pooltiomf
r^ntetitetloa arts## ilmmeb *>«*n Iteibitim*. fyp# i Is 
r^o c m ^ ltm k o d  m txm te cotrJbi nation of %m oanfXtot*
1 V^a Y * 11 Y ~ a
fypo 1* • • ffpe 1*
ing e ffe c ts » $ series  can be const .rioted ou&h as, P ® * ,
0H? I*  Br> C l. F vtymmmbXng /  
mX + # At
series  the v e lo c ity  o f re ac tio n  toeaftos leas than u n ity  
compared v itb  but 0 -0  s u b s titu tio n  occurs almost
e x c lu s ive ly * type 4 is  instanced by the phoncsclde ion* 
great a c tiv a tio n  o f a l l  p ositio ns occurs ami su b sti­
tu tio n  la  favoured hy t£he p re fe re n tia l in d u ctive  ami 
tautom eric e ffe c ts  *
C le a rly  moot su b stitu en t $ belong to  type 3* which 
Include® in  a d d itio n  to tit© groups a lready mentioned* the  
acy lossy, alley Xoxy* aeyXamido* aoyXnlSsylcsaXdo and M m y l-  
erddo groups*
topwrortb and BoMiison (Item*.l!anoliea 10r  Ffo 1X• ftoc *»
suggest th a t as a re s u lt o f the presence in  
the Tzm.mm rue'loco o f a group A having a sm aller a ff.ra e - 
tlo .ii fo r  electrons than has the hydrogen atom, electron** 
a v a ila b ili ty  ami there fo ra  re a c t iv ity  should tend to  he 
g re a te r In  the £ than in  the p o s itio n * W ith a s u b s ti­
tu en t B ^feloh a ttra c ts  e lectro n s th© e ffe c t is  reversed
and. consequently re a c tio n  eheuM occur o1 * l i i i s  leads
<r~ — >
to  the expectation o f a high o/p ra tio  fo r groups o f types 
X and 4 (above) and a low m® for ^ d ire c tiv e  groups (type
E) auo also for Xto groups Uatitt'B a natural
©lootron a ttra c tio n  Ctfpo ;V;* t e i a l *  o rie n ta tio n  
may s u p e m m  I f  the i n i t i a l  attachment o f the reagent 
is  to  the &Mo ohalm  in  tliio  earn the o p o s itio n  Is  
unduly f&voureeU The fo llo w in g  re s u lts  support th e ir  
deductions *.#
The high -a/p ratio for nitration of toluene is fregrote-* 
iyely diminished in passing ti&fmgh the series bons^l- 
e h lo rld a , boussylldaxie chlox*i&e sad bensotrichloxoid©.* On 
the other hand th# o /p  ratio for nitration of flnorohmnzm®
Is  low hut ris e s  in  the series  ohlorobenjssne* brosiobensene, 
ioaobomson© owing to  th e  d issin ieM i, .. y ci^Br^ X)
and increasing  tautom eric (X ^ * > » > «  * * * * • • • o f  the  
halogen atoms. In  subsfcaaoas o f fcys>« Fh.CHg.tiR^x the  
B e ffe c t is  very strong m& i t  is  an. experim ental fa c t 
th a t the percentage o f o-lso*3©rld© la  Tory t o *
Xa the following substitution experiments the orient-* 
lug groups—a? b» . o* &— belon/" oho ~3HrT typo
{3* above), Tha nitrogen atom hm a Ions pair of electrons
•3? in to  t&uto&orlo d ieploo
. 'to t the ooXptor dipole xmust exert &n ottr& etioa  
©si '©Xeotresti the 'p o s itive  pole £s ’mear#r the m elem #.
tte n  tfea fiegotivo pole* iro& onim ting £*& substitution
afef.oeistwd w it!* ■■& low # /p  ra tio  w o tlii h# ^ s iie ip a ta d *  ■ .,'■ ■
• i f  mmhm .o f papers throw lig h t oe. the laa^dtude o f :. 
tlia -^ ffa o ti. E®so4i£tsd with dipoles* j i l s r .a M  .-liigold ( l f |  
K:^ 0,2^d3} lijtfo oozcporod th® r  o f nitrobr^eBO i
phcryXs.ttroraethano find p^|ho^!Xhi tro t those w ith these o f fho 
Oorrosponfiisd emcslixm m ite *  With the fallow ing rdsuXta^
I t  w il l  that in  e&eh ©ago tii#-. properties o f ^
However i f  the o lo etfd o tflo tio n  of the m tio n lw ' less is
to the m i&  t»secl is  the. s i t  r a t i ©s o f iict^r/Xhonojieiriiuo
§  r^H,-siv J » *  J *  * i »  «M. 4 ■% MMk.Jt Mmt
SV*8
$3
loeaefl&e is Xoss.thas that for th
isertaeecf. hf the prteese# of eo»osi ions the properties
o f * "d e riv a tiv e  In  faxy e o rs id e ra h lj dim inish od* flu rsch o im  **#*
and jrotoo# {#*#XT r I j l *  CP) ty addition of m r& tm lim  mX.l$h&i#
lowox
trlwthyleTOonltsm nitrate to- hmgyipiporidXne (so* &owow*>
BobXnaca and ratfc#* 1031*0 0 0}* , fho xv*u*ttot eortx>Ha alien 
o f noX^tbenrtoc otorgos to eXoarly proved#, . •
'■• w ith  sol::<honaa 0 i?XniX&r e ffe c t is  o**<, co t fto g e to  mM 
?1na??*$2*$l?B7$^lv$€m tto^oa  end r.obtoeen* x ttfd # f£?ne,«T “  *?r w  * *    ^  *r- - *  - *
BattoiaXay .and £ob tooon# j^ fd #  9 8TO5) * tsengy 1?sotf ty to u lp l lone 
os js itm tlo n  g ives o n ly  en 30/! o f the t^toosiepXde# to & o n o * 
£0 a c id  Xd/V ond t0 tson#^«auX |:i!ion ;jl c h lo rid e  £%t/, j *
■O ; " t ■■ 0
I *t - 4 J
Xa tbo aoict t!horo apo throo nogstivoly etorgod asgFpn n l w  
oorrronsotino tho chsrre os the miXptor cte% tot is ih> 
thXoriCto tbo -electron domnrl of If 10 cmlitot At oouploft 
the totooitoo' dosond of tbo #)XorIno p tm  tcasp&ro p*i9j* : 
o f rroc to** .In to fo o t i#  f*ho fo o t t t o i  t it#  t w  tc s s li^ ta r
doable tonOa of the otiXrtioso gx*ou:> canao the cultlmr atom '
■ -.. . ' 0  ■:,.. .=■.■•.:■.■■■■,■.,: ,. ' ' ..§ . = ' ■-■■: 
t  /  x  t 7s
I *> ^  1
. . ■ f4S/ fS§/ ti«)
to boar a . er^XXor positive ctoree(©ji by u airoetinc
action)thim that os the nitrogen atom to & nitre gimp* IngoXi
cooA fiKve tXoc*oit**p*8Xn) attribute Abie to atoorptictt of to©
’ w i M M  ‘SSjft«S«#?iW *
off©0% of tiio ionic ebarpi #f tbo mAplw moJUme. to passing '■
1 ^voucJbt a e n te r e le c tro n  c h o lic  o f  V '  aton* H ie  e f fo r t  I®
s la t tm  fco 'tts.sfe it iic ii  ooew a to  p iasto g  up *  .fe n i%  to  tho
p o ria d ie  td & l*  IN
IstpH « i  te)M« ibid* a &34Pi FlTOBeliote *$&
aaewj.
> < /  'l > v *
fV.g 13,0 6.9
C h a ttw je #  «od Hefcinson totim  a a iffw a n t v le e , AoeowSing to  
those anthers the  mmlm. a* ofca»gem& emOXm oloo&raa 
d e n s ity  o f «®  o u te r t o l l  o f safetaw* a llo w  g re a te r d is to rtio n ., 
tsim  ooa»82?<«ii4l»g igwrnfeef veauetlon o f the  a ffs c ti^ o  Ssstioalo 
cSsargo, than is  possib le  In  the ease o f nitepoeen, S a e « tS f 
fo lte d  end Kobinsan {<!»* W O * 1786) tttv *  f'etsnd th a t beneyl- 
e$»t!«srl*s»isi*M*aw plenat©  on n its m tio s  g lw e  SSfl o f the
ra-<S«rivfttiTO* a e tv llc tn g  e o n firm fc io n  o f %!»> eaejr fio fb w ja tto n  
o f the  aulpWa* ate®* eosspasrea nlfch th a t o f th e  nifafogon atom.
o
cHi.liEti #.r4itA(M0^
M  js-) (8Sfj *3-}
Also BakOT ana tS M ttitt 1.788) hare o b ta in ^ fe e  fo llo w in g
re s u lts  on the «&txw*i«K O f various snlpfoooltKs end so urn
derate ZZ**
Fot? OT% srioXlt
Hi.s«oa . : 0 4 i m  . . .
t& .a !„ .a ,o,s . ' . es ss
m,;kro0 ■ st ■ iso
rh«csto.e+oi^» o  it
■*«?' 4.i» ■
Ilo dembt c m  rcooiri th a t the e lm  to  do^oXonoct t r j  a  
esXplm:? a tm  as & re s u lt  o f  culphm ter* s a lt  o r mxXr^one 
fo rm tio n , la e;mrocirfoiF Xooo fern that developed lr$ tlto 
nltroron oton In omoaim salts or nitro** eonpoinlcf Shi* 
gradual dlxaimfcioa i s  the c ffo c fc iw  cnarco and increasing  
£K5oslMXlfc7 o f  Io n ic  d is to r t io n  s a f  account fo r  ttm  f a i lu r e  
to rosolFC oelmaxidoa and telXturosl&ea analogous to fee 
optically aotlFo oulrX^idoa ( Ifc U lir o #J* *2CCD#i8Cfc| - ' 
C offers i ia #  Kongrm ctnd ililXlXpo# * I f  20* 2200)*
p r^orlrwito in fee Pcnrone rorion* '•• ’'•-■• [ ^ a^wjA^tvwatifcwlinMiissiMiSSMwwS**^^
noction i *  ..- *feo n irooting T o f the .
sulphonoxY Group»
f t e  f l r c t  o^rt?Xe o f ' fe® ;%s# O f the ^tolaom m Xp/Km ^t • 
t^ <%xp fo r fee protection o f t^jdron^l in  on^otifetion-or^orinonto  
occurs in  a patent o f itte l i r a  Tteraot# C ilX l&rd mtl * e** ‘' 
CP,n#F*0XaX4)f fM l^ l^ to X u a iio cu X ilw m t^  w ife  toning n it r ic  
acid rao feitnC to y ie ld  g.^nitJrophonyX^nXt^^teXtiono- 
mlifoomtQ  |1 ¥ |* tsm  irlparnus n itra tio n  w ife  eorcm lrofed  
r«<ria acid flto o  e in m t pom u^X«^ioXuanoaaXphonnt#
4 8 .
S01.C4Hj(m£)cH3
aSo^ H.NOi
44*
(MI) (Mil) (Mill)
m ethyl group* sine© the only compound is o la te d  from the  
product o f n itr a t io n  o f o -to ly l^ ^ to lm rio s u lp lio n a t©  wag 
( M l )  (Bov©i^dint Bor«s 1 9 1 3 *4 ^ 1 4 5 0 ), & paper by Brady*
Qititifc and C e llin g  {1»» 1936* 12*? * §864) contains some re la te d  
re s u lts * WLwm author© fin d  th a t the amino* group is  pro* 
dominate ly  ^ d ir e c t iv e  a f te r  In tro d u c tio n  o f a b iv a le n t 
a c y l group* fo r  « a $ p le *  p h th a la n fl m  n it r a t io n  gives  
th e  4 *a Itro *& e riv a tiv ©  (B IX)* On the o ther hand 4<r»ethyl~ 
p h th a l& n il gives T6jS o f the ^ d e r iv a tiv e  (XX) and S~:n©thyX~ 
p h th a la n ll gives the 3* and B^mcmonitro^clerivatlves as the 
only ! sa lab le  products (Sta-edel., Axmalsn* 1884* %36.»388) (M IX  
and IXSXZ)* M  in te re s tin g  series  is  o b ta in ed *- 01 ^©*S0g*
y  S i fh th .*  A m ethyl group m n  on ly  p a r t ia lly  compote
(Positions taken by entering nitro group,)
m .
wito & t\%m %n to# (iotoftoitol m®
1m $m  m & U  m m m m  ty m  g *
m ^ m im  a tm  (t o m ^ y * Mmmm$ 
i AmVR jg to  Ife# ^ to lM o tou & to too aq r p « |  i t  dm to&tes
<£*& t f it i i  toe p M iia ite id o  g m p  i t  %?mmm 
M bsfclto tleta ovm  ^ tm  to  opposition  to  ttrn t gra&p*
i  u ^ aw wwwaw
1% l i t j  boon a te ®  ftm t im ip to iia B ilid o a
m M ^ g t f*HP u ltm iio a  to  to® j f f o t i t i *  {JU»$«IMt*-*
D*!i*r* IflfS6t| liSIliJ# Hi item toto po&ittosi St %Iooko€,
m to to to# 0ppo0iMom
WH.SO^.C^H-t NH:S^ .C1H1 MH.So^Hi
N° '  N° W ino
no, c t no■i
(O T )
!m to iM i:  to u t r« #  ttmm mm t * f t»  
g w if  # «  be eaa liy  to t^o te s td  to te  & m i3,ptenm iiM #*
ffa&B optotototoo f i f M t  ecapomtd itMM)*
empmwsd fl& ff) #M m p n it» a a ilto  C lW l}* ffeoeo
to w  toafc to# g m p  is  a
jw a rto X  d to te tto g  |pm p M i a M itia n a i wfetenoo to  W a
po in t M i soon to ta in c i*
* to o  » a a iiF  & *•* to#  ii- ijtd to ito ft to r tw t to t  la c w i *
W ill)  m d
$mm $±m% tfm $~n£ tm  ( IW lI iJ  ami fe rn  :te #  
S&S~&tslt*® ( i x m  tlmimW&mM %& o te s t i$mnbl&t&±v® 
y lo M * fho te r  e/p  » t i e  iaaieated % ! foxsmfcton o f 
f M f l t l f  is  to  mmml miMi snfctolpatiaa t e l  tho tom ^tton
( m t t t }  i ta & x n )  ( m m )
m t ClM fT l)  ami C S I I l  i w i  te a t tea  ara
if t r f  M g& lf' dtefctoafcod* Ifro e fi fo r its  te r  e/p  ra tio  tee  
g ro w  is  t in p i t o r i f  fiftcto to  i t s  -lajapeiNfc* 
to- t te  fp4® ^ * I I  appears te a t tee-. s tils to m f*
p i i  fa e iiite te s  tee  adoption w l  m to te M o t  o f a 
w ip t ifo  # M ffe  %  tee  i^ itro g oB  atom and. m u ra i T O te tite * 
lio n , to  a to ast as in  tee  m m  o f a. i t a i i  f t e
ro ao tive  $ & »  o f  a. » T  te  ro p » s « te c l %
Co) in  te ie h  tee mga%t<m teargo on tee tr iM m p fi is  tm lf
{a) <b) <c) <d>
w y  p a r t ia lly  rmitvaMse t tef th e  charge on the snlphta* 
atom* In te re s tin g  eeMoaoe in  fawm p o f mufti a fossa is
4?;*
provided by w i  j ?iolachafe C^^*^lO 3O ^g2jf)S30)#
td>.o fin d  fe a t com  m fe honm idon 0*7* j^tm tyX aitX feon- 
ofeyXfiiido* roaot ^ife j&osplvyraa pontac^lo M a  to £lv© 
ita h X o  cfclo?© £©;&V£&iv$$. fe  f e i f e  f t ia r  tiin ic p , fo rm X a©  
af" fe jo {a} on It))# It trlXX bo coon that the to fottralaa 
innaliro ci tan oloatnon ohoXX mn<! iho ealprmn rtorv
■ ©->H
I I +t  -  J+ -x n - s *  ~fc ■ ' B ii- s —x v  t o - V - c t  - *  Eu—s - a s t
w
© .■ ■'. ©
felfe *©m*’ Isfe* taicnXl7 i^ :>roba?5Xo# .©11 fe# 
fo^aila (d) It Xn hooping wife feo ootot imXo on? pm^icloa 
a satisfactory nopno*>ontcition or iiio pcopontioo of tlio 
00vxiXMml* -
$ho a ita lic  n ity  betrcosa tho sanctions ®£ nnlihontmiMAoa
i t  fh r fe o r  i t a  £ m t .fe a t '*£* ani. P:*tg*
-naphtli-
©cwplo e i th  d iasotiood cm ilino
Cwittfeor##l  'r **127* #370) » 1  o^rx ltrw n iX tea  ff&lrf rati .. 
Z&htox** ^np+klCZX*?' i}Z2%) t,u ra c d lly  no do th o  e c rm  
in n  m r& fea ls#  Xv^t ana t jp o  o f  ronotlon  cppaanc t o  ho 
cpoo ifio  to  Hi©' nhonolc# f t  i t  t r a i l  l i »  th a t  a H w i  
aeid trill cllcpXaoo h&W’& m  fh< mat txmnoriionola# III. 
feo- pmciont worl£ I t  w t i ibftstl fe a t  3 i 
Miixnayl |xx*) mm i^ nullir mmo?tu& in to  a E&stano of' 
3^1>cor.f>*d^nit2vo^ anil 3 l i vi ng I s and 
. SlS$4^ribromo-4-laydroxjdiphen^X (LXXI) gate 3-nitro-55 
4f«di'bromo-4-hydroxydiplienjl. Analogous changes do i-: '
(LXXI)
whilst
49 . ■
inductive effect of the aryl sulphonyl." residue- will' lead 
'to deactivation*Ms was found; to ho the case.. j>~ 
Teluenesulphomethylanili&e underwent nitration. much 
less readily than' jg-toluenesulphonanlli&e* . 10 0* V:'■
gave .j>-toluenesulphormethyi~4-niiroanilide (Sg*) and - 
£-foluenesulphonmethyl**2^nitroanilide (l*5g*) and the 
general conclusion was 'reached that the orienting power 
' of: the ^ *foluenesul|^omethylamido group is Very similar 
to'that Of the acetamide- group* '
: hi*M^nitrohensenesulphonanilide'was remarkably 
.■‘resistant- to substitution* Xt was recovered unchanged 
after heating with concentrated nitric acid* a condition 
sufficiently powerful to d  nitrate ■ the sulphonanili&e .
; and mononitrate the me thy 1 sit Iphonani li de* ..With fuming . 
nitric'acid- it. gave a product containing.a considerable 
 ^proportion of .the m-nitro derivativev M-m~ nitrobenzene-* 
sulphon-j^-toluldi&e., (LXXII) with fuming, nitric acid gave 
di^m-nitroben2;enesulphon^of-nitro“<£t-*toluidide (1X011), 
and di*m-nitroben.sen8->o*«*toltiidide, (LXX1V) . a mixture of 
the oi a M  nitre, compounds* Again*■ di-m-nitrobensene- 
euiphon-o'-nitroanilide {LXXV) could be recovered un­
changed after solution in fuming nitric acid, whereas 
m-nitrobensenesulphon- 0 *-nitroanilide was., immediately 
converted into - the o'* i j^-dihltro derivative (XXKVI) 
under the'same'conditions*
(L X X II)  CHj ' \  / ^ i   ? >*0^ (L X X II I )
contrast
(LXXIV)
(LXXV)
NHK
\ h NXZ + /
{ & # '^4 # ^ ^
t!i,<o dl^^ditrobsHg-eaosulphonemtdo p f
anneals to $ m $ f fcho *>0£#+f' aoauoaoe (p* 44 ) one stag# 
01^0.30^0^1%
«Mh tho + f MAMAr ifc# miBg MkdAikaglyr mhAx tfei* w in
Itm i in to  tfie  jg~aXi*oeting {*1} soriGs i *
m Qy o o ^ m y *.... * >itso^.c6T%.Ho0)o
fho aubjoet o f tra b fitltu tlo n  o f o ^ a isu b stite te t! 
txmzmoB tom hom discussed %  .IngoM md IngoM  
(J., 1020,1310), Xngold and IngoM {J.,1920,
ifio pDlW activities
alxxrat onolttalw fclt&tiou t&ffefc to exeostotl* '
A c tu a lly  the rJDo'u&fc- fo ils  to  a m vp low value# P it li
C ^^toluonooulxfionaixtilo^o^toluono^lilioM to^ In  a lii oil 
*&*$• *&$»■ ■
ttao cliBfsifitf botooon ttao groups is m vy jj*
.substitution appears to bo atootst# Xt la probdblo that ■ 
tfeo Aipoofclw pooor of ito jj*tolno2.iodulrliomto p*oup is 
so snail that. it Is mabXo to into 1 c oo in co? t?it!i 
ttae electron dls ilaeononta XooCino to mitotifcufciosi pom 
to tlio enXptonmido group* ConsowontX^ j^sutotltotios* 
occurs wine to tho CKtrooaly Xox? o/p ratio oithat grcaip# 
fte aootor^ crou$ t e  noro eoccoaafkl oonr otition sad 
xfhon pitted at ninst tlxo m cttaX&o group. produces ertatofci* 
totlon no 11^7 ortto to that croup* : -,
g p t i i
54 .
diphenyl itself* It seems necessary to postulate some 
such phase as {a)» w h ic h , at the demand of the reagent
gives rise to displacements resulting In activation of 
positions 2 and 4 only# The failure of the two nuclei 
to f o r m  a single conjugated system is rather perplexing 
In view of the results obtained with the phonylpy r Mines 
(p# 6 4 ). Other substitution results remain of a qual­
itative character but the general conclusions arc not 
likely to be altered# Scarborough, and Waters (J.,1 9 2 6 , 
6 0S) put forward three orientation rules which* in the 
main* have been unheld by subsequent experiments«
(1 ) fhe usual directive influence Is to be ascribed 
to all the simple groups#
{2} The phenyl group ami the group i d6h4x {where X may 
be an ortho-para or meta* directing group) have a strong
o-p- directing Influence*
*aW  t&a*
(3 ) The amino-* hydroxy and derived groups promote 
substitution In the same nucleus.
A few illustrations of the application of these rules 
will be given. 4 -Hydroxydiphenyl on nitration {Garcia 
Ban^s and Guifreras r Anal.F^s.Qufm* * 1 9 8 3*2 1 # 1 2 6 g Halford 
and Colbert.J#Amer»Clieia#Spc.* 1 9 2 5*4:/* 1 4 5 6 ) and bromin-
mtimn, (B o ll and f »E * J *  » 3IBB} g i ms®**
mp±v®%Y the 5^  Slflf* «uA 3»3t4** 60g£w$lv0$4 A^AmAno* 
aii*hsn$t on t^ rosilnatio.n glt%a feo 3i5^ €11bro^ o d©rii?atlvo
PK<( ^>0H — ^ * < J > ,   » )•»
4
B r
r ^ x
kr
fc-
(S earborm i^  ami
on nitration (Filter ana. Bnlsfa^vmi'*Urn*, 1904* STO)
and dhlo;r£mfclon (B a art^ ro u ^  « 1  W atew ,? ^ §*^ ^ » )
ana- on n itm t io n  {Clare'ta
Bavrnn and F«r~** f^ » £ g b l£ iU S & iB * , 1.981, |£» SOS)
«rs& byosatoation {:%ms$wm end P. ft»Bobtoaon? • * 2$£6*30$O)
g l’Wi tlio  3-* d e riv a tiv e s *
A fw  mmptlom  Iter# hem aneoimfcored* eort&te
dcftlV A t& ftt o f 8~ gnA 4«mtnoc1£phoi^l tmdargoin® hoio*® *
y l
im a lo ar m&afcifcutian* 4^B£p!ienf|%Kur^tayl M M i f i  
n itr a te  IttCo} anil 4 -b e n s y lM e » *
am£no<21 jM m ^ l ( In  m ilp& arle tc M ) (fcXXfflXX} (BtiUL aM  
*T«*WM$mm) hath vrntmgo a itra t io n An th© 4f *
p o s itio n * fl& fti i i  no t foa* the n itro g e n  a to ra
to  tocmo two ecffiporadta are p o s itiv e  to  eharaeto? (B®Mm 
rn& 1930^431} » Again* 4^ae0t®aMDdipfem^ OB
lIOTfiJ Mi
+  HSO*
*^CH.cfeH5 ( U m X X )
'teostoatiu^ ' gives abomt 30$ of to# dea&vattoe
{lacm;) fcmfto mud } and
mnddodlphei^lt in  tbo p£©fc8»fc0 o f $0:3*0 s iiip te d ; &e£&, 
yie ld s  to# €m%vuM%m {K :a h  I t  w® farad
{Boll* J * * W2B$ &770) that ^^a^et«idadijA©nyl got nite&tion 
to nfcefcto odd gave mm B*»nitro i M X X l ) so
th a t the ^ ® flfl.a  p&cRzlt i t  atteitmfeod to s a lt fo raa iio n
NHfic
(LXXX)(LKXIX)
(LXXXI) (LXXXII) ( LXXXIII)
between to# aeetaiaido* group mu§ the s tr in g  acid  {see 
tots# alia*Batteell a»d o*tI9£¥*II0B) * too biD®»
taab ion  o f 4-*a c o t^ M 0diphoh^X is  dieostdsod a t a la te r
|p*61) *
s u b s t i t u t i o n  s f #  m %  m  xm:Xfoma i n  a lw & s to i? i 
*B m b m $  om t o
m m  ^ « a ©  m m im  M U M  m  S-teamo^ M e
y  t M f M f M g p i  ihs® i H M i f  #• | S W M
i M i
’«£» « 1 ®
© a m o t O Toi*a?id0 t t ia  d c u o tW a M & g  to flu a n © ®  o f  a  mts?©<* 
group or btlo^ 'oa atom* ^itftncl to 18b
WHftc* NHftc
(LXXXIV) (LXXXV)
(LXXXYI) (LXXXVII)
d t e
a ®  ;5s4**»
di4.?^ a:
la  mmTt l . wi i M%  
m d ^ irm rn ^ t m^mrnmfa. M&h notre m m tIf %hm
i t  §m® t l m t  Um m%tm m il
tti$£ th# dftriTOtiva* ito
n*m mm Wm §mmmm wm msmtm a 
«tpg» Itari&w to 0 m
wmm$% C t » w m u  A$ota* 
^o a fiM ld o a iitic ^y l f t t t l -  In  Us# §**
(mxvm)
— '  WHY  IVO
(LXXXIX)
(y ^ so2. c6h4 . ho2 )
x m i t i o n  m &  t% m  i n  th e  t f w t
wm  u®m Wm Sfif^vtrteltf'O &t&#lmfcivo 
(MX&M) mm attained* f t  %b m itdrnt that t&& m ^m m td 60  
®vmp &,®m ommaM W m  d im a t im t is t g  im i l t t m m  o t  th e  n i i f o  
0t«|>#
In v tm  $ t WLft $W3tli M l' qpaatifcativa ssoBsurcsmosits 
of end IMkMRbftA {JolW#<8i) « §  *f IradfltM m d
im m  Wmm mrnomm
h m o AotoratnoO tho »m lm % tf c o o fflo lo n t o f to to rftn a tlo n
of oartato onllM m  In nmhio mM  -otoMoa tm'ox- ataadtupfc 
eoaai tione ms& Hi® $$m8mm sootsallldo*
06*S» 6$*22| bmBmomXphommiVLdo»
4 l*§* fa t te d  o f mm tU tM  fis t to *  §mlSi®tigai22€#© fto&tig
WfF oonsiaotaWy Mgis* torn* toot fat MotanlUa* H f  ***
aetwXXf' loss# th in  w#«mXt put a iilf  ho In torpreto t $$
ij^ie&ttog a to to^ of aiHmttofi
@g»d halogamttoii o# to&t too no^mi ohapsete? o f Hi#
.p*#«ip I# m d ilio d  %  s o ft J p « t i «  to too
o f sold, w ith  ommoPMm fw o*to f* of
Its otinattog ffototiw to toot of to#
f t  I t  s ig n ifle a n t th a t nth# amount o f liftito e h to tlt-
#®M tfr^fovod fKPodtteo# m oppvo&ioblo o ff0 0 % m  to® mlm$W
o f to fo ^ ia o tfto * too o ffo o t p i a tttaa iX M # hoteg m
in  spit# os. Hi# hf^rotosiorta ipM If iisopooood# oltf «|fi.
o tto  Hit# o ffo o t I f  A tw ood*
footto m d B & o & f i o t o » 1» fh# t&iSimmm® iM.# «ists
I to# md hmmimrnjon o f i^iiiiiiMa^i hoa^t
ip*.56.coimot ho m ow m m Sm this v/ny# fJuhstftottos to to#
$■*» p e ® iti-«  la l t m t l f n }  i t  d isootlgr oontroXXod %  to# §**©&&
to pooitim 4*#. toiXtt ootigr is position #*' ihs^toatlw)
is  ##attolX#£l %  to# smhstitooa ih&T&X rro u i» oa&JucPtlto
%
off tots hett/#pi to# wolol httog fi# fotoo m&
h  f f  too poso fb illts r o f sah»
TO
mm aeotsas&te* m n h® lo f t  m t  o f
rnmwmt (o rto % f§ t# «  am  *TO Bt9 * }  i t  sp e a rs
m®& mm M &tM &te* fgzmp is  m>m o ffo c tiv ©  in  tt& tm tlo n s  
than In  fer<M l«tlons>
I t  appsared. o f in te re s t to  ##e whether a s te lla r  
M fto m m o  iM fjroro n itra tio n  « t  tooadm tlon was «TOm 
%  * 4*g*$olu0nastilptonaisia.o**
c1ii;ti0n ^ l %m$mvv?®nt n itra tio n  q u im iltu tlw l^  in  the 3* 
position  but teoaitm tion o f the lo d  to  so w s^
pm &m tB  th at groat stress. could, m t h® la id  on the 
dbrohm o f the 4f ^ o r lv a tlw f 3^tiitro^4^t0ltionosi2li#on-»  
oiTiidociiphon^l prweci m w itJ ib le  fo r tia# tmmm® AW m gzi 
nitration proooedod oloanlf to mm SiB^dinltro** iiftmtteo# 
M i t e t e  in nootte aoM was aeetepmled hjr an«#i hft** 
rolp& ia and form ation o f
Stsroyft* flowowor* d^bx^o^^^^p^toteme^ilr^nsjsiaodi^tionirl 
on. % r« tea tio n  garo # iit#  a good fio M  o f the 
bromo«* ooi^ jouM (XO)# Ailst on. nitration 3*hMse#S*
(101) was obtained*
&  Sf-
(XG) (XCI)
f% appears th e re fo re  t t e t  too natu re o f  the en terin g  
group » 0t  bo fccds« in to  account as a fa c to r  not m t t m t f  
mmm&m& W  conditions o f s u b s titu tio n  ana strength  o f 
o rie n tin g  group#
61*
bepwortii a n£ Robinson (Mem * Manche s ta r  ?hll*Soc*? 1927,72,43) 
have emphasised the d is t in c t io n  between degree and frequency 
o f a c tiv a tio n  o f a nuclear carbon atom* Reference is  given 
to the. work o f Gattermami and Llbemann (Annalen, 1912,393* 
198) on the form ation o f aso compounds from 1-naphthol and
1-naphthy 1-amine 5- and 5*»sulplionic acids? e* g* (X G II)« 
Employing dia-zonium compounds derived from s u lp h a n llic  acid?
chic ro an iline?  2 t5 ~di ch Xo r  ani 1 in o ? 2%4s5 ~ trich lo ro a n ilin e ?  
£»? m~ and £ -n itro a n ilin e s ?  4 **ch lo ro -3 -n itro a n ilin e ? 2*4~ 
d in l't ro a n illn e  and n -n i troauliine*-j>~sulphonic acid there 
was found to be a gradation in  th is  order* The e a r l ie r  
members attacked the 2- p os itio ns  but the more negative 
dlascnium s a lts  attacked the 4- p o s itio n  to  a predominating 
extent* Since the ka iions  o f those sa lts  co n s titu te  a 
series o f Increas ing ly  energetic ka tion o id  reagents i t  Is  
suggested th a t the degree o f a c tiv a tio n  in  p o s itio n  4- Is  
sm aller than In  p o s itio n  S-? but th a t the frequency o f 
a c tiv a tio n  In  p o s itio n  4- is  greater than in  p o s itio n  2«.
The more energetic agents can take advantage o f the h igher 
frequency o f a c tiva tio n * Experim entally and th e o re t ic a lly  
the re fo re  the ortho-para ra t io  Is  g re a tly  Influenced by the
SOjH
(XC II) (X C III)
a m ttt  mm®**
tolnmo broralnation IB positions 4 end 6
whereas nitration (aoldsolMiat s M  Konl& Bei\ * 1886,19*
W - r  ^ ^N W N W r" *  ' * W2K&r
4664 oeeurs p^inelpmllf in  position 5*
Since 4»hydrosydighenyl brominates in. positions 
3j©«* w ithout formation o f  the S v ^ ^ d r iv a lfv e  (p*55 ) 
it appears that- when the activation it> position,a *5*
«nd 5- is  s u f f ic ie n t ly  h igh* so th a t every te n ta tiv e  
m il on proceeds to  completion* the h igher irmqaomy o f  
a c tiv a tio n  o f p o s itio n  4*~ Is  more than countorbalamed. 
fftx© a c tiv a tin g  power o f  a j>~ t  ©Xuenesttlphonemia©** group 
can bo Inoreatsd. by removal o f  i t s  in c ip ie n t ly  ion ised 
hydrogen atom by s a lt  foxviation, end the re fo re  the  bromin** 
a tio n  o f 4**e*taiuen©suiphonamiclodiphenyl in  p y rid in e  
solution was ez ;aid to give the
d e r iv a tiv e  (3LCXXI| con trast XO) in  good y ie ld *  S im ila r ly  
4 1 tolwnc3Ulpho2ai3jriiclodiphenyl gave the o*5*4 f«*
tribrom)- derivatives 4* «nitro«4»£*toliieneBulphonaraldo- 
ciiphonyl the ©$i-dibromo« d e r iv a tiv e  (XCXV), 3 -n itro** 
4^j>^toliieneauXphoBaiTddoci phenyl the S^brwo* d e r iv a tiv e
("••illgero dt and ?$&lzmmn? 4*p r* gapm#* $ 6 8 0 * 4 6 $ ) ,  
( x o x x i )  a c i v )  u a v )
and 5 -bPomo-2 ~2 ~toIrenesulphonamldodipfcteny 1 the &*bram»~
of  &
mmB
n t ' tm t im  tot t to  4 ?*$ 0 a it lo n  {& cfx t) m& wan t&Mft *# *  
oiotant to tot oottMitMjodi ntta&o aeM* !Ms -In a 
eonfliwMon of tto mfta®#
0. §0^ . H ^
(xerox)
teflnm oo o f & ponitiim  M S y U ftM l on tto  
^ p o s itio n * bocaaa© 4 ^mattos^d;^en^X oojpp ##actilf gl^oa 
5 1 M  tto fptouuqr $*oiBt o f 
nttmk is  tto  S^poo&feioa*
ftM feof mmmlm  o f the feM  4a OFlotittog pmm& o f 
t t o  M lt iO g  | W p  o b  o o » ¥ o rs io B  t e t o  t t o  JIM o .S 0 S 
iCiOg otoalMi in tfcis m A m *  m& 4hg*
riltrotoBsonomfetoMmitoa, fftMfrl garo tro-doritratiiroo
< ip ril%  M i l  a«a 0) m d w  ooaaitlom  Mileh- 3*6 to M n tffn *  
tlo n  o f tto  e.o^oai«aiBg salptoaasiXMos*
Pk,
NO,
O f\ » y  i *h
(XCVIIl)
'SOj.C^H-y W(S01.C4H#..N01\
(C)
Pm ' f l |  V'T *
0*&v to tho coi^Xte^tod <f^ af actor of tlM rasmliii 
obtained substitution in tho mphbhalono ooficts fens bom ■ 
the mibjoct ot little theoretical speculation* roroovo:? 
tho basic o:tporisontal rorte is fas* toon, holng ©onplofco 
outs id o tho Mniia of conponnda of tenodinto torrotrial. 
oppllootloiif To £*1to anlj toe manploo# too nitratiafi of 
fvnaphthol has boon porirod out &nXj as far m  the Xs6<# ■ 
dteitro^dorlvatlva to&llatli aBl rieholmm#ba2*#XBf0^5# ■' 
scteddt* For* 110on#3ft#3&io)» tiailif too teortoatiou* 
Xo dix.3 to tho production of tho antiseptic providofoin t 
tras f tatod to to too Xt?$&6*dorivaiiv0 feat boon 
m c m k ly  *&®\m  to flw lifa&~$vihva^+&+nai%\lfaBl {Fries 
and So!iir;-r:ioloo!m!ii<lt# ^nnotoi^lQS0i^^245)«
of aeoto^p-nai^itbalMo (CX) c W m  first & 
n to to r#  # f  1«*$. i** and H^riononttro d e riv a tiv e #  orWt iV n  m. 
m ister®  o f X|S^ m H  X itW lte ite o  d e riv a tiv e s  {Jacobson* " 
ro^.iaai#1^2of| Yoooly and Jabos»n m *c'Qo* * 1022,“ W “  'V  ,inmu* I Iim— in— tmmmm* ~ ■
»tMSK On repetition is little f IfiicuXtxr
■ • s K s ftr
van osxporlcmcod in  iso lating  non® o f tho Xi0«*diultro* 
derivative* but no indication o f n itra tio n  to  tho $+ 
position v/as obtained* f ills  appeared ronarkablo i f  m®* 
Jugativo dloplacosxntc o f a t^po s te lla r  to  those in  toe 
boar,©no sos&eo occur to mitithalono derivatives {dll)*
1 r to r i  sa t io n  to  p o s itio n  $<* scorns a t  lecmfi m  probable
10X1}
m  fc to i in  p o s itio n  1**» m& m  m m  alim pler thm
th a t Ip i ifc p  to txihot&tufciea in  .positions &** and 8 ** I. 
s o lu tio n  o f the d if f ic u lty  might he w m $ it in  th# jp d tr *  
meting of Hu» ^wtaaldo* group, coupled tsdtth
th e  to a e ttw ttw g ' o f fo o t o f the m itre * group in  p o s itio n  1 * .
i*®n^ te w  eS vM tff h o m  gtmn o f tho ln tro d a o tim
•o f tm o  m it r o *  (seonptt i n  ^ p o s i t io E is  t o  a  tm ljp te te a id o *  
g ro u p  m &  t h o m t o r ®  th e  n i t r a t i o n  t f  ^ t i l t r o t e n t o n o a u l^  
phon*p*nai:?fetl!iaiicl© wm iO Tootigatod* I t  wm found th a t 
i t  eouH ho alm ost mmwrfcod in to  g *m itro *
00*
tVOi
NO,
X
7
(CIII
N«U NO^
(CIV)
X
(CVI)
NH.Sdi,CtiHH
(cv)
{ i f f t j *  and; to a t
tltis on m tn tlo n  In ooM ftmiing n ttp lo aold pt® the 3U6* 
d e riv a tiv e  (CIV) * ^tQlximmmliMm^
$*(&&a 6») wore m m ilj Into
to t l i  5* and £*3# d in itjp o  (OV oNi OVI) roa foo t*
lv#l$> without in&loottan of %»Broauot0 * a a re fo r#  m m  
to# h o ii0 o » « i|3 lio ia « id o ^  group i t  to d iro u t a group
in to  the apposition o f
f h i n mmXl o f to #  :5**pmitfm fm
h f  0mm m§m%®m$& Of {fhosi#,x^ia#n 1050)*
toat imNhaxMi uudotfooa nitration first
N0t m
m m  m t m
to  g ive  tho 1#•# axid iiS p d in itro p  d e riv a tiv e s  und. then too
If#* iWftDm &Xm
mm wmmw%®& to t©
^ a ite o ^ H ^ e tt^ la re a  (CfffXXXK tto s #  
aro to  bo o o n t*88t*ti m%th tto s o  o f Worthed f$l$$©i&# 
t& t& m  1931}p fiio  fin&B th a t
u trn  {$1X}» whilst 4*6$|ll«f%3t wotftum® fit##
N0X
(O il)
tto ;5i5$3*s4f*$8teaKK&t&9* dori^ atiire (OX)*
It appoar^  that -substitution oxpei*iimmts %hi*m 
soras lig h t  ©& tho long  dohatoc! topi©  o f f£u» ooB stitetiom  
o f m phtlm lam «
NH.CO.C^Hg
th a t thfX**6** ehlo ro S
W3&&V
ham a

earldom atom* % »  pmmwpmffiim®
Qmmtmrmlpho^X C COT f ix )  t o M  $># ttpw db le
into tihllat Ml c^lrtetiiflamSno-
hen&fM4«t m m M m ^ iCXIX) Mm3&/|§ eap&bXo of resolution
%C,0M  &.ru
/  ^Ns
(®?ra) (cxix)
by co’i'M iia tio s  with. ®p%imX%j a e tlv e  a tM t#  4 M w t s  to
prepare eoitipoimd {QXtfXH} re su lted  in  the p re fe c t ion. o f
vlseoets gsms* in  eont&et w ith  m M
xwa-ovweaxb a d d itio n  o f w a tt*  to  g im  (CSC) im m m m  Blmroth
and 2opp^tts»S§g*.#XB0S»^9-:B}* Conaoquontly» GfXB*3Mt*ft
prm i o f the oovrmtnofto o f th e  tM M M m M lt i l m t m  la
looking* but i t  ie  regarded as w>m- probable than the
possib le altom nfeiTo o f in n e r M i n  &&!% io txm tion
Sox^ H^
N^ch.c h^^
fCXXX) |. _ " (CXJCIX)
(CXXX)# a im io p m a  t o  t h a t  I n  tfeo a n h y d r id e -  o f  & 49Q M tftgP *
s^rosid© (ttocxx) dottribta by
fb & M t (Bti?» »IBao»2fb^49 ?» a t  m lw mmmm& which eomM 
be ia o la to d  from a p g v ld ln * to lu tlo a  o f m lo m lz a 3 oua&fcifclos
w .
o f and ^to liiem s'aX phoB yl dhlorid©
was the* G^^%oluo»#ptX^lioi^rl l , M t t l i f # f tJnforumtoXy* i t  
was not fmm& to pm $am
haesus© ig^smtooghenol roactod f#ry rtatllXf with, betis&X&o- 
h fd# to  giw© ©omplasi' px*ofe©ts *
S to w  th©s© repeKlTOBta aako I t  aX w e t eorfcain tim t 
roadiXf gr£&# from $**©mtooiixomla* th© 
p o isX M X ity  a t « # t  suggests i t s e l f  th a t the o f
m jl  in i^ ia g  hydTOXysis o f a d laoyX atod^aK iliiophoM X  to - 
v o lw s  tfe© totoasae&i&t© lb  m o tio n  o f a oamtyoxxmI  o f type (A ), 
oh IM s  point- m  ©ought.
H oi (i
N -  C ~ C H$  
0 - C - C t H5
N-C-Oh N - C-C H*
Eodlca
' i f  tli#  «dgp*tdoxs o f an a cy l ra&ieaX d u rin g  h y d ro ly s is  
o f a s u b s titu te d  £*m X m ph«© X  Im m lv m  ttm  toten&eai& to  
p ro a ie tto n  o f a ©ampotmd o f fcyp# i&}? then eXo&rXy sndx 
m igrations should bo in fe iM to d  i f  on© o f t te  aeyll ra d ic a ls
Is  replaced %f m  CB>* f b i*  m #
(3 ) '"^ 3 f
l ^ J U t j ,  - *  i  ) • ** - s f y h
(GXXII)
O
lH.Co.C^  /  NHAc H^ftc ^
o.sor^ Hn ja.S6rcMHH I >
(CXXIV) (cxxv) (CXXIII)
NHflt
OH
fmm& to  bo bho case, 0»2 »felu©msul.|^onamidop^ot)3rl 
m ot&t®  (O tx t t )  vrm d is t in c t  t r m
I c t x i l l )  m& tho f i r s t  on h^& voljatn  
gsw pure B^^tolnonosulphoi^iictopbenol and the second 
pure 2-ocotsiaidophenol* This mmm.1 { im b ib itio n
o f m ig ra tio n ) mm  obtained, with the ooxTOepottOittg e - ami 
p*nag&tho$rl d o r iira iiw s  {CXXBF) i i i s ag a in , B-*acotcrf.no- 
l^ion^I^^ca^^O PTO fetiom to (CXX¥) was o a& ily  hy&rolysod 
to give j w  2~m®tmnM®}$n®nQ%9 More recently  B&iford 
and Grosz { g 1951>f>3J,34£0j> have provided 
a largo  amount o f confirm atory evidence on t h i*  p o in t*
Hngr have studied the bongofiosali^ionyl^ p^impbthalona^ 
sulphonyl* ^cbloro^S^trobaJiacnosnlpbo^X* 3*nitro-4^ • 
imth^fXtyomommlpbon^li, 4^bromob0nsscn€rsn.X^os^rl ond 5 s 4* 
dichiororberm ofioaulphonyl desdvatives o f g-aGiirio-*4-s'ietbyl«» 
a^bromophonol and sussisrlsa th e ir  re s u lts  In  th e  fo llo w in g
st&fcownfc* 1hA m  one of the m j l radicals contains 
the sulphonyl group sand. the ottiai* %h# coffeesW& $2? 
coi^ boKgX greup# isom eric d ia o jl derivative©  ^111 bo 
obtained* depending on tlx# order in  uMeh the rad ica ls  
are introduced* the isomers give normal re su lts  on 
hydro lysis* $h&*e statements hold* also* when both 
rad ica ls  contain the sulphonyl mcms* n i lo o *o ft* *p*b4fS) ■»
in
; mss# m
fhe  v imm expressed in  the above sections load 
to the conclusion that three $mm of a d iacy lrs -suaino* 
phenol -  &„&, $» -  might be capable o f iso latio n *
N- t -g
o-c-a
fa) Cs)
K aifa id  hat stated that In  general the earn substance 
is obtained irresp ective  o f the order o f introduction  
o f d iffe re n t » j l  ysdicmJii in to  an o^aidnof^snol*
I t  appeared o f in te re s t to tbo preparation
of the a to le s t d.iac l^*o^ amiTOi>honols in cider to  
&&owfc&ln # 10'than tog than one form could bo obtained*
C o n tra il to  the statem ent o f Bel fo rd  ( J* Amor*0hem>
70*
gat?# a 
if*  ttio aeet^latlcm of 
EaiXord anti Crroiooa^ fbMt#
dlfforeaat fcfpa o f was;-aneoa
r r .
in to  acetate fCOT/XX}* but tM o  in
tern dornM pofHteSgf converted Into
Co€^aro*llolcon and ta iric * ib id *»1900^^8^1877, fo r an apparent 
ecfUiMbrlun. botsraon l^propionairddoitioit/l. acetate and. $*e&st* 
asddox&ooyl p^p&onubm) *
g-^^lsplitteijiaophea^l bcrseab# (CXXXX) was Quite 
d iffe re n t from 2*t>eBBaaM0plienfl«^nagtitbeate {CXXXl)
{contrast * R&lffcrd and Orei&er* log® ait®) and both were 
recovered. unchanged a fte r i» a te J jg  in  fete- melton condition  
fo r M l hour. 0n fe# ether hsnd 'both gave §* 
phenol {CXKK) on fcy& ^lysls, which suggests that a lka lin e
/ ^ N nH.CO.CwH^
L  Jo.co.c6hs
(0XXSC) {croc) (CTOCX)
conditions arc ^w y favourable fo r isomeric change®
Attempts to  correlate  m igration o f acyl w ith negative 
character or molecular weight o f the group have failed®  
C ertain ly* m igration is  not ee rneh determined by the 
ortho position  o f the amin©** and hydrasyl* groups as by 
th e ir urrat^emcmt in  space® H alford ami Clarke t lb fd®* 
18S6,4S»48S> haw  established th a t ffllR ratioo o f acyl con 
take place in  B^nmin.o^l^ saphthol but i t  hm now been shown 
th at m igration is  in  M b ite d  In  normal m&m compounds* th is  
is  in  favour o f rin g  fom ation  as previously suggested (p*7^
mm i f  1% is  granted th a t the interchange o f
l^acot^iidoplior^l fcenssoaia $&& aoetofcc
tmoXWB the  iM,<mmuXotQS {C X m i, M U H |, OXXXX?}# the 
fa i lu r e  bo ob ta in  s ta p le  g e n e ra lisa tio n  is  re a d ily  
understood#
+ 0
H u
N _ c -C6H5N-C-C«a
0- C-C^
(oxxixxi {oxaxxxx} icxmw-)
Wtormtion  o f the bomoxassoXas (MDCKZX ana CXDCXf) m ill  
t># p a r tly  by the p o s itiv e  m m *aofccr o f the
aminos ispdm tm  atom mid p a r t ly  by th # Mwfltoagr o f the  
O -carbor^l group to undergo p o la ris a tio n  in  th e  m f  
recj-uiredt For oftoy im t#fmhm*m o f the laom erlo p a ir  
the ra d ic a l o f the gpaoyl gyoup i w i H  he m  e le c tro n  
&$£&* w h ils t th a t o f  the CK&oyl group M l  ho m% e le c tro n  
a&uvoo* C le a rly  the changes w i l l  he promoted by a llra lin #  
conditions* I f  {o x x x x ii} la  the ftom xla o f  tho d i& eyl 
c«pound a t th© moment o f h y d ro ly s is , i t  appears th a t 
th is  process m y in vo lve  th e fo llo w in g  stages § a d d itio n  
o f h y d im y l Um9 a ttra c tio n  o f hydrogen io n  to  the n it r o ­
gen and severance*
lech ® f, tii®  I n i t ia l -  processes is  favourod by-..an
donating U f m  that of the two 'acylgsvups attached ■ to  "
the rltrocoa that derived .front tec acid of lower discos** 
iation constant should sever. first* in other wordst th® 
acyl group derived from fcho neid of M#t dia&oclafcim 
constant sliouM bo fonml attached to tho nitrogen* . fo 
ctrmrl&o# -if tho two acyl grotips an# of.-eomparobl® 
character* rocdy interchange of the isomeric. pair would 
ho • anticipated fiM on hytoolysia th® more aeMio should 
bo found attached to- the nitrogen* to l&to.oim r.hend, 
if tho groups arc of very <21 ffont electrical ch&r&obort 
tb®'.Isonorido In t^ioh tho cjootron siMiXis' attaohod to 
.tho.oxycen will toM to. eaist to tho cxclaoion .of. that 
in'tMiii it ia attached to the nitrogen# and. conaecpenily 
on hydrolysis l*»o loss ctoidio.-f^ anp will’ bo found attadiod 
to tho nitrogen ®Mm* fhis appears t® op*®®; with mpQ&* 
-imc-ntal facts* as tho following table compiled fx tm  fto 
result®. of Halford. and Couture (ibid**lDP4*dCf fgon) and -: 
rial ford and tanholm tloe»c£t») th owe# In tho first 
colitm are'tho pairs of radicals introduced into th® 
o^-aninophonol# in tho second tho dissociation constants 
of tho acids corresponding to tho 'acyl radicals' cM. in ' 
tho third tho acyl group attached to tho nitrogen afon 
after hydrolyoic with dilute sXbaXl* '
r a o i c p i o  s : .e o ' '- v;:- M £ m .c o n s tu  H.COQH :- •; ■ f t a & ic a l  o n ' 11 a f t *
fttfrftf-irrtiffr { x i o S
n - O h lo r o b o t ia o j l O .n ^ C l ’i io n o l> o ; is o ’g l s
J k £ i t 3ro tx > n c o y l • ;: v'" CO '■”
i l e o t jX ■ - J c e t y l ^ ' -  -
^ L f i t r o b c n s o y l  .: . ... ,4 0 . ... .
B c n n a y l . m m . * ♦ <*. . ,. ., B o n a o y l^ ' ..,
j> -x ri t  r o h o n s o y  X , ,,  4 c '  -  ■-• •■ -■■■■ ■'
B o n s o p 'l ’ . "• • W r%S » fi+: !< 5n r o 7 l  '; ■ ' ; '
$  % a ^ P in i t i ^ o b o n o o g l ;1 0 0
A e o tr y l - ' X , 1 . 0 ^ H ix tn u o 3  x
g ^ 'H i t n o b o n s o f l = 5 4 . 0  f  b
A c o t f l  w .. - 1 .0  : e*-7 ^ p h t h o y l  : 'v " ■■•-..
o X T a p h t l io y l  p - 2 Q •■ :•.;/ i:
n^^O X aO ^rl , ,  ;; •:, - - V •'4 . 4  ■•■'.;■•. f l i e n y i a o o t y l  ,
T l i o n y l a c o t y l  V;" '"
2 ^ n i t n o t ) o n s o ; / i CO ; ^ B l t n o b c i i a c y l  t
o ^ T X t H fo o n a a y l  :; r•f*W* . v ;i? fO  X
« * n a # i t h o 3r l  / x X  .1 0  ’X ■ c
f ^ t la p h t h .o y l  ; G .n  .
^ C i i l o r o b o n a o y l  *-X :
£ - C l iX o n o h o n s o y l
0 . 9
I D
c ^ C t i J ^ i ^ o n s o y l ' -
u -:;- ** Ustafs 4? C^dteomo*2^mninor>Honol| the other roooXbi 
tm^Q obtained with €^ e?2loro^4*notliyi*0 e^jsinox^ ionol#
■• "bo noticaS't^^ •firct' fivo pairs one; :;-
nenbee 'contains a nilro* croup x 1 i1st:the otfeo^ contains
m ;electron 'sink 't&oapo*
loairos tho loan acidic croup cttachnO to m itrogon.
In the sooond fivo pairs the cfronpinga aro of oosparoMo 
tppo'{in eplto ot'-tBisg dorifod tea noMs of widely 
different dissociation eonatsnts In tin00 casesI and
hydrolysis m m lt® in ism production o f m  
®mmspm<t±mg to the stronger aoltu 
Wmlom Substituents would, ho expected fee- have 
a ssodlfirlng influence on tho course of these acyl Ml* 
grafcions but up to tho present m evidence has boon 
obtained on thla- point# Hal ford and Me c©*worta?B 
have ©splayed the smfnepfoemlB {OXXXf) * (QChi?) without
A OH✓V
% r /  ' iN M i
O'
(cxxxv) foxxm)
OHysl OHV V
f c - /  > N « i a r  >n«4\A
CHj
\ /
C H j
(cxi,; (OX.CX)
a
CH*
(cxux)
C«
8r NHt Bi-r W«*
V
■
8r trl > 8 r
CH3
(exiiXSZ) (CXLXV)
recording any difference in  th e ir behaviour* In  the present 
work i t  was found that s^nitro*2*»Ecetamldoph<mol reacted 
w ith p~mph%hvfl o lilo r ido to  give a ell&eyl derivative  
#sleh on bfdralFsl# gave i^M%TO^»p^BaphtteiiaophoBel 
(®%W) and 3**sfctro«^aeetamiao:-heB©l ata-ad an id e n tic a l 
behaviour (SEH),
O.cotijW'f
/  NNHflc NHXOCtoHx
O.CO. H ^ 
MHflo 
mL
u.v«< v
0 N H *C © .C ,6X /
(CXLV) (CXLVI)
Recent xxrork has made c lea r the varied  nature o f hyd­
r o ly t ic  changes* Thus, Tasman (Rec»tra y *chim* , 1927,46,655) 
studied the opening o f the ph tha llde  r in g  in  a lk a lin e  sol™ 
u tio n  and found th a t the order o f f a c i l i t a t io n  by s u b s ti­
tu t io n  was CH Q iy  MHAc^MHg* U n d le r , on
the other hand, from a study o f the a lka lin e  h yd ro lys is  
o f e th y l benzoates obtained the sequence HH^^ OMey Me ^
C l> B r>  I>NOrt (Annalen, 1926,450,1) • In  the f i r s t  ease 
i t  is  necessary to  assume th a t the v e lo c ity  determ ining 
fa c to r  is  e le c tro s t r ic t io n  o f the hydroxide ion  at the
— ^ a / oft
(a) (b)
carbonyl carbon atom (a),  w h ils t in  the second i t  is  the 
tendency towards p o la r is a tio n  o f the carbonyl group (b).  
With compounds such as fiiacylated«o~amih&;phenols the 
d i f f i c u l t ie s  o f in te rp re ta t io n  are enhanced* F ir s t  the
fcsro groups W© a ffe re n b ly  e ffe c te d  by c o ^ itio n a  o f 
a c id ity  and a lk a l in i t y  to  acyloxy group Is  v * fp  re a d ily  
hydrolysed by alkali tmt to ocflismi&o group mich las© so* 
W ith acid  e o x & ltlm s  a ffa ir©  are w e r s e a , A cylan ilide©  
are o p *  to  a tta c k  a t two points <0 mcl d ) hut crying to  
the hlfghe* e le c tro n  a f f in it y  o f the ossyg* atom compared 
w ith  n itro g en  n e ith e r o f those meohtoiema mm occur w ith
4-S 0: 7i0-ft
Co) f l\ C ft Cci)
- M - e — & — C — It
tho ©too * © 0  to  piionylaeotatoi!* to ld  h yd ro lys is  o f a 
substance m&h as l^aootsM<loTfiof^fX^e*naphthoato (G&lffiCS) 
resu lt©  In  the Im n  o f tho ao o ty l group* and, although, 
owing to  tho added com plication o f acy l m igration^ i t  is  
not possib le to  compare th is  s a t is fa c to r ily  w ith  tho  
a lh l in e  h yd ro ly s is * th is  comparison can bo m-do w ith  tho 
analogous aulphoiMto (CXLV1XX)* Under a lk a lin e  conditions
(CXLVII) ONKflc f ' :OX0.C|&H^  O.C0C|OH^| O.C.C|oH*j
o.So^ CxjHxj
MHflo
S81.C^ H\j
(CXLVIIX)
ttm  'm f l m l  h ^ ia to  group- iesplit I t  is  th&
aootfmdxio^ £~oap s±tieb tmdorgoos ©evoFoneo* In  v ie *  o f', 
tho - osaiblo reactions Involved and of tho nony ways In ' 
* t lc h  m: e in g lo  re a c tio n  con bo viewed I t  Is  l i t t l e  to  bo 
t/ondorocl th a t a conplctoly odoguato explanation o f t**a 
ip c O ln ; i  o f rcoX ra d ic a ls  la  a*em&nct.honolo Is  laolciag# • 
Alt!wjk# at tho present tino* prediction tritfc W&  
nid  o f e le c tro n ic  principlaa is  a Bomoxrhat unsafe process* 
thoro can tie l i t t l o  doubt that tho Interpretation o f  
ehc-nletil ro~c l-iOi" ju to- n of electrons riartr© a big 
stop forward# . It® previous theory lies possessor a £Xo:> ' 
I M l i t y  at a l l  corronnum to with tbo \n v lo ty  of chooSeal 
roaotlcm f ■ A too- c to d o 'e n c l tm  r ig id  theory is  m m  
broken and i t  la  fa r  too e a r ly  fo r  tho o lo o tro n ie  theory  
of organic reaction© to adopt a cyston of erst*iroa xuXoc* 
It is  in  process of tevolopncnt, and a groat cyystostlsatlon 
of organic O hcaleai tew lo d g o  w i l l  to  tho in e v ita b le  
outcome*;;. • *•
f*ho er;r>oi^ irioatal t« I ci t Moh thto thcmto is "h m ^"  
s&tood In tho followto$ •
tovootirationo to tho D i t M c t r j l Cosdocu..’
Pavfc VXXX« Poytoohiimt? of 8*i\ntoa* stlA 4«teiH0ciif:ii0X^ i,# 
J,#1C20*2770«
. ler't Ilf Fa^tho*? npavtnm t$ tilth OnXnhoaainidoo* . .
OX* *1030* 10?!.
3t* She TvonlnoMon of d^r^relmcAon^lihon^r’idO” 
^<*1031*2530* diphenyl,
fti© !'2i^ vatloh of Aoyl Oswps to o-*tetoo|hoBoto.#"'
■ roapfe 2^ -'. J#,1330*1001*: .
Pss-tU » i?6i-
rn® nitration of p-i!a:Ath7laniKO,J. ,1020,S7C1*
T  * Tnfco^ctiosi of niw^ or^ ninos* with Chlo^t 'Va*
^*#!O20* S7L7,
flio intorrctloh of O-lphonetco cad ^Itfioiaord-doo olth
IporMtoo* *X* * 1031* 000,
fit© Interaotior* of riit2»anlnoyhcnolo vith Otilx.fsOa|*l
thXo^ xcloo*  ^* Xvf21 * ?«
£ pr ■ i ?- \fTfcr * vr*jo
1* Item I op*. ro AoaXixig with %!io px^ps^ation .sni substitution 
•aot di/hon/i & tzimtima*
In v e s tig a tio n s  in  tho P lth c n y l Pernios* . -
romt 1# r i^ u t lo n  S'oacticao* ^ C .f1 .t 10i'}O*l?TJ0
Fart I X *  Substitution I?o actions# ( ibM*#2705
I*a rt i l l *  Pcrivat'J^os o f 4«*iry droxydI; he* wi*  ib id *  *3004 
Fart ?* Parivatlvcrt of 4*fetoo* and $#v#S**lG?J7#XX£j?
{with mM •
§* & W rnm f of the totivifsf of diphenyl
' th o  nnaco rorrsiln. o f Id i bonrrl# I* ro c * fh m *?n$ # * I 0PG*40* HG4 
(w ith  Pr*^*bcinyonJ 
and <r:0orinonta dcnrlsad to  te a t t its
Inwatlcotiono in tho r-iphanyl £ erica* . • *a*
tmi% f i t  fho  C o n firm a tio n  o f P I:haa;/X  ■
Bomtvafcivoo# r ? *tiS S
b e rt ?XX* fho  ttolaUvo n ta M lity  o f '
Optically Active Dirlionic Acids* tuM.j'V'i 
(.w ith iOisAstanco front Dr.ihH .O obincon)
arising
•5 * fo rio n o  notes co o lin g  id t t i to u ic ii^on t © f th a  oboirn work*
.&» OMi^ t^oinitroflaoronrxic* J#C»3* # If20* 1000
h* I reparation of fi©thyXtm>inoothanol Kotoma of
rip F icn y I^ t>efrb t.a ;/li©  Aeiti m 1 Pomlvativce# ib id **S 24?  
a* Olio l-yar-olysiD o f Aootyl^o^bon^rXidciiocciino^
. .rbcnoX* * *1020*1803
€* Aootyl-*o«*rbonylon<xtiorlno and AGct^MUShS**
bcratmlaoalo* ib id .*  ©B4
» ai^ l ■&* pabiigtoa with *!©»©!'
4* I^prodaoto  o f tho Cotio:rraxi Aldehyde Hoao^ion#
(Tilth £x?VP*A .Henry) J * © * n * * 3083* S21S
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The Hydrolysis of Acetyl-o-benzylideneaminophenol. By Frank 
Bell and Joseph Kenyon.
o-Benzylideneaminophenol (12 g.) was dissolved in  acetic 
anhydride (12 c.c.), and the excess of the la tte r removed by  dis­
tilla tio n . The residual acetyl-o-benzylideneaminophenol separated 
from  benzene-light petroleum as a white , m icrocrystalline powder, 
m. p. 93-96° (Found : C, 75-2; H , 5-5; N , 6-2. C ^ H ^ N  
requires C, 75;3; H , 5*4; N , 5*9%). I t  suffered loss of both  acetic 
acid and benzaldehyde on being warmed w ith  d ilu te  ac id ; b u t 
when i t  was boiled w ith  water, benzaldehyde alone was evolved 
and iV-acetyl-o-aminophenol, m. p. 202°, was obtained— an interest­
ing illu s tra tion  of the ease w ith  which an acyl group migrates 
from  oxygen to  n itrogen.— Battersea Polytechnic, S .W .ll.  
[Received, February 23rd, 1926.]
1893
P rinted in G reat B ritain b y 
R ichard Cl ay & Sons, L imited,
BUNGAY, SUFFOLK.
INVESTIGATIONS IN THE DIPHENYL 
SERIES. PARTI. MIGRATION REACTIONS.
BY
F R A N K  B E L L , 
JO S E P H  K E N Y O N ,
AND
PER C Y H A R R Y  R O B IN S O N .
Reprinted from  the Journal of the Chemical Society, 
June, 1926.
Reprinted from the Journal of the Chemical Society, 1926.
CLX .—Investigations in  the D iphenyl Series. Part I .  
; M igra tion  Reactions.
By F r a n k  B ell, Joseph K e n y o n , and P e r c y H a r r y 
R obinson.
In view  of the appearance of a paper by Vorlander (B&r., 1925, 
5 8 , ; 1913), in  which 4-hydroxylam inodiphenyl is described, and 
of another by  Scarborough and W aters on the ch lorination and 
brom ination; of 4-aminodiphenyl (this vol., p. 557), i t  has been 
thought advisable to  communicate some of the results already 
obtained by the  authors in  the same field.
The lite ra tu re  shows th a t numerous attem pts have been made 
to  elucidate the spatia l relations of the tw o nuclei in  d iphenyl 
compounds, and there is considerable evidence in  favour of the 
view of the closeness of the 4, 4 '-positions in  some derivatives. 
I f  the 4, 4'-positions in  d iphenyl are close together, there is a reasonT 
able p robab ility  th a t those types of reactions which involve the 
para-m igration of certa in groups in  simple benzene compounds 
m igh t also be exhibited, under appropriate conditions, by certa in 
derivatives of d iphenyl, the m igrating group passing from  position 
4 to  position 4'. M igration reactions in  the diphenyl series analogous 
to  the fo llow ing have been looked for, bu t have no t been found :
- H -N -O H  N H 2 Me-N-NO Me-K-H Ac-N-Cl Ac-N -H
/\ IIjSO, /\ /\ XX /X XX
(I°l 175HTI ' I I ■ I I — Ix / (hoi) N/ x / . \ / \/ \/
. OH(Cl) \  KO  Cl
In  the corresponding diphenyl compounds decomposition occurs 
in  case ( I I ) ,  w h ils t in  cases (I) and ( I I I )  m igration does take place, 
not, however, to  the 4 '-position b u t most probably to  the adjacent
3-position. ;
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There is an extensive lite ra ture  on the preparation of d iphenyl 
by the therm al decomposition of benzene, the most recent account 
being th a t of Lowe and James (J. Amer. Chem. Soc., 1923, 45, 
2666), who, however, used an apparatus which is outside the resources 
of an ord inary laboratory. A  simpler device is described in  the 
experimental p a r t; chlorobenzene, under s im ilar treatm ent in  the 
apparatus described, underwent extensive carbonisation, and no 
4 : 4 '-dichlorodiphenyl was obtained. The n itra tio n  of d iphenyl 
was carried ou t by a m odification of the methods due to  Hubner 
(Annalen, 1881, 209, 339) and Van Hove (Bull. Soc. chim. Belg., 
1923, 32, 52).
B y  the reduction of 4-n itrod iphenyl w ith  a lum in ium  amalgam 
and moist ether, there is obtained a complex m ix tu re  of 4-azo- 
diphenyl, 4-azoxydiphenyl, 4-aminodiphenyl, and 4-hydroxylam ino- 
diphenyl, together w ith  unchanged n itrod iphenyl. B y  crysta llis­
ation of th is m ixture  from  benzene, a 30% y ie ld  of 4-hydroxyl- 
aminodiphenyl is obtained. Vorlander (loc. cit.), who gives no 
experimental details whatever, states th a t the compound was 
prepared “  nach bekanntem Verfahren ”  and melted a t 132— 134°. 
■ The inso lub ility  of 4-hydroxylam inodiphenyl m ilita tes seriously 
against m igration experiments under favourable conditions. Sulph­
uric acid of various concentrations was employed a t firs t, bu t as 
the m inim um  concentration of th is  acid necessary fo r solution of 
the hydroxylamino-compound a t the o rd inary temperature is 
above 50%, deep-seated decomposition occurs, and no crystalline 
m ateria l other than  4-azoxydiphenyl can be isolated from  the 
products of the reaction. B y  the action of 10% sulphuric acid a t 
100°, a very small proportion of a new compound was formed. 
This substance has no t ye t been thoroughly investigated, bu t i t  
is believed to  be 4-diphenylyl(4-amino-3-diphenylyl)am ine, 
C6H 4Ph*NH*C6H 3Ph*NH2.
W hen hydrogen chloride is passed in to  a d ry  ethereal solution 
of 4-hydroxylam inodiphenyl, or when th is  compound is le ft fo r 
some tim e in  contact w ith  strong hydrochloric acid, ^hydroxyl- 
aminodiphenyl hydrochloride is formed, which, on heating, decomposes 
to  give p rinc ipa lly  4-azoxydiphenyl.
A n  alcoholic solution of hydrogen chloride converts 4-hydroxyl- 
am inodiphenyl almost completely in to  4-azoxydiphenyl, b u t a t the 
same tim e there is produced a very small p roportion of a compound 
w hich  melts a t 69° and contains chlorine.
Ace ty l chloride reacts read ily  w ith  4-hydroxylam inodiphenyl 
to  y ie ld a d iacetyl derivative believed to  be diacetyl-A-hydroxyl- 
aminodiphenyl. This compound can be prepared in  almost theo­
retica l y ie ld  by dissolving 4-hydroxylam inodiphenyl in  warm  acetic
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anhydride, and when warmed w ith  strong hydrochloric acid i t  
undergoes hydrolysis and simultaneous conversion in to  a chloro- 
base (m. p. 69°), the hydrochloride of which hydrolyses ve ry  readily, 
and in  consequence has no t been prepared in  a Sufficiently pure 
state fo r analysis. The chloro-base yields a monoacetyl derivative 
o f in. p. 146° which is identica l w ith  th a t obtained by the action of 
acetic acid on diphenylyl-4-acetylchloroam ine (vide below), so th a t 
the  course of th is  reaction is probably expressed by  the fo llow ing 
scheme : • .
P h< I / N < OH —  P t O N < 0 l e ^
Ph<^V>N<§! -> Ph^ >^NH2\ _ X
Cl■ : ; ' ■ ' .A .
4 -Methylaminodiphenyl was prepared by trea ting  4-acetylamino- 
d iphenyl w ith  sodium and m ethy l iodide w ith  subsequent e lim in ­
a tion  of the acetyl group, and was purified  by conversion in to  its  
n itroso-derivative.
4:-Nitrosomethylaminodiphenyl, both  alone and when suspended 
in  ether (in  w hich i t  is on ly sparingly soluble), was m ixed w ith  an 
alcoholic solution of hydrogen chloride, when slow reaction ensued 
w ith  evolution of gas. No nitroso-4-m ethylam inodiphenyl was 
found in  the reaction m ixture , which consisted m a in ly  of 4- 
m ethylam inodiphenyl together w ith  a l i t t le  of the  unchanged 
substance.
4:-Diazomethylaminodiphenyl is a by-product in  the  preparation 
of 4-nitrosom ethylam inodiphenyl from  the crude secondary amine, 
which p robably contains a l i t t le  4-aminodiphenyl.
DiphenylylA-acetylchloroamine. I t  is clear from  the lite ra tu re  th a t 
the  preparation of a ry l acyl chloroamines is susceptible to  s ligh t 
variations in  experimental conditions (compare Arm strong, J ., 
1900, 77, 1047; Chattaway and Orton, J ., 1901, 79, 275).
A  sim ilar susceptib ility has been found in  the case o f 4-acetyl- 
am inodiphenyl, which, however, reacts rap id ly  and quan tita tive ly  
a t 70— 80°. One sample yielded 67% of d iphenylyl-4-acetylchloro- 
amine a fte r on ly  10 m inutes’ heating. F urther, the state of sub­
d ivision is ve ry  im portant, and m ay account fo r the difficulties 
m et w ith  by  Arm strong and his students in  the case of acetanilide 
(loc. cit.). W hen the 4-acetylam inodiphenyl was powdered 
mechanically, the yields were poor. /
W hen diphenylyl-4-acetylchloroam ine is warmed w ith  glacial 
acetic acid i t  is transformed in to  a chloro-4-acetylam inodiphenyl 
believed to  be 3-chloro-4-acetylaminodiphenyl (compare above).
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No trace of 4'-chloro-4-acetylaminodiphenyl was detected, although 
its  presence was specially sought.
3-Chloro-4-acetylaminodiphenyl results d irec tly  i f  the sodium 
hypochlorite solution used is above normal in  strength.
A  quantita tive  y ie ld  of 3-chloro-4-aeetylaminodiphenyl results 
also from  the d irect ch lorination of 4-acetylaminodiphenyl in  acetic 
acid. Again no trace of 4'-chloro-4-acetylam inodiphenyl was 
detected. This is in  marked contrast w ith  the brom ination o f 
4-acetylaminodiphenyl in  acetic acid, which yields 30% of the 
theoretical q uan tity  of 4'-bromo-4-acetylaminodiphenyl together 
w ith  65% of a bromo-base (m. p. 65°) no t ye t fu lly  examined.
E xperimental.
Diphenyl.— The heating coil, which consists of about 1 yard  
of 32 gauge nichrome wire, is loosely threaded through a s trip  o f 
mica 5 " x  and suspended in  the neck and body of a 5 -litre  
flask fitted  w ith  an uprigh t condenser. Benzene (1 | litres) is 
placed in  the flask and boiled. When benzene is dripp ing free ly  
from  the condenser, the current is switched on, and by means o f 
a sliding resistance is gradually raised to  the value (about 3 amps.) 
a t which the flask begins to  f i l l  w ith  fumes. L it t le  a ttention  is 
required, and a t the end of about 30 hours the liqu id  is transferred 
to  a flask and d istilled. Benzene comes over first, and then th e  
temperature rises rap id ly . The fraction  b. p. 245— 260° is collected 
and crystallised from  alcohol. The yie ld  of pure diphenyl averages 
9 g. per hour.
Nitration of Diphenyl.— Ho a solution of d iphenyl in  acetic acid 
(2 parts) a t 70— 90°, n itr ic  acid (dM-51; 2 |— 3 mols.) is added in  
small quantities. The solution darkens, and when about one- 
th ird  of the acid has been added a visible and steady reaction sets 
in. The remaining acid is added more carefully, the experiment 
taking 1J to  1 | hours from  the firs t addition of acid. A fte r cooling, 
the crystalline crop of 4-nitrodiphenyl is filtered off, and the filtrate- 
d ilu ted  w ith  water. The o ily  layer thus precip itated is separated 
roughly from  the aqueous layer and filtered from  a fu rthe r amount 
of 4-nitrodiphenyl. The o il is heated in  a current o f steam to  free 
i t  from  residual acid and unchanged diphenyl, and then d is tilled  
in  a vacuum. Moisture and a trace of d iphenyl come over first,, 
and the m ain bu lk  d istils a t 188— 193°/20 mm. The d is tilla te  is. 
dissolved in  alcohol a t 40° and the crystals of 4-n itrod iphenyl 
which separate on cooling are filtered off. A fte r evaporation of 
the alcohol, 2-n itrodiphenyl crystallises in  characteristic large plates 
or prisms. 100 G. of d iphenyl give 60— 70 g. of 4-nitrodiphenyl,, 
m. p. 114°, and 35— 39 g. of 2-nitrodiphenyl, m. p. 35— 37°.
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4-Hydroxylaminodiphenyl.— A  solution of 4-n itrod iphenyl (50 g.) 
in  ether (1300 c.c., previously d is tilled  from  sodium hydroxide) is 
cooled in  a freezing m ix tu re  and to  i t  is added alum in ium  amalgam 
(10 g.), in  ve ry  th in  sheets, a t such a rate th a t the reaction does 
no t become too v igorous; the reaction vessel is shaken from  tim e 
to  tim e. V ery  l i t t le  hydrogen is evolved i f  the m ix tu re  is kept 
cold, and the amalgam takes about 2 hours fo r complete reaction. 
The m ix tu re  is then filtered, the b u lky  a lum in ium  hydroxide 
washed several times w ith  d ry  ether, and the filtra te  and washings 
are evaporated to dryness. The residue is dissolved in  the m inim um  
am ount (about 250 c.c.) of bo iling benzene, and the ye llow  solution 
allowed to  cool. 4-H ydroxylam inod iphenyl separates in  almost 
colourless, glistening leaflets which appear to  f i l l  the whole b u lk  
of the liqu id . These are filte red off and dried (yield, 10— 14 g.). 
The compound melts a t 152— 154° to  a red liq u id  which sets, and 
in  tu rn  melts a t 188-—190° (Found : C, 77-8; H , 6-0; N , 7*7. 
C12H n ON requires C, 77-8; 11,5-9; N , 7-6%).
The fo rm ation  of a deep damson colour w ith  concentrated 
su lphuric acid is a sensitive reaction fo r th is  compound.
4-H ydroxylam inod iphenyl (2 g.) was m aintained in  the m olten 
sta te  fo r 30 minutes, and the cooled residue (1-86 g.) dissolved in  
boiling benzene. The solution on cooling deposited crystals of 
4-azodiphenyl, and a fte r evaporation of the benzene, the residue 
consisted of a m ix tu re  of 4-azoxydiphenyl (m. p. 211— 212°) and
4-am inodiphenyl (m. p. 52°).
On treatm ent of an ethereal solution of 4-hydroxylam inodiphenyl 
w ith  hydrogen chloride or by  leaving a suspension in  concentrated 
hydrochloric acid fo r some tim e, the hydrochloride is obtained as 
a w hite  powder (Found : HC1, 16-6. C12H n ON,HCl requires
HC1, 16-5%). The p rinc ipa l product obtained on heating the 
hydrochloride is 4-azoxydiphenyl.
Action of 10% sulphuric acid. 4 -H ydroxylam inod iphenyl (5 g.) 
is tr itu ra te d  w ith  sulphuric acid (600 c.c. of 10%), and the m ix tu re  
heated on a steam-bath u n til the whole assumes a deep chocolate 
colour. I t  is then  filte red  hot, and the insoluble residue extracted 
w ith  2 litres of boiling  water. The filtra tes deposit amine sulphates, 
which are filte red  off and suspended in  sodium carbonate solution. 
The m ix tu re  is boiled and, a fte r add ition  of some alcohol, filte red  
from  a trace of im p u rity . On cooling, the liq u id  fills  w ith  fin e , 
s ilky  crystals, which are filte red  off and crystallised from  aqueous 
a lcoho l; m. p. 156°. I t  is d ifficu lt to  make certa in th a t the p roduct 
is quite  free from  4-aminodiphenyl, since the sulphate of th is  
compound must be present in  the filtra te . As the compound is 
insoluble in  sodium hydroxide, i t  is te n ta tive ly  suggested th a t i t
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may be produced by the o-semidine change of an interm ediate 
reactive 4-hydrazodiphenyl (Found: C, 85-0; H , 6-1. C24H 20N 2
requires C, 85*6; H , 6-0%).
B y  the action of an alcoholic solution of hydrogen chloride on 
the hydroxylam ine there was obtained a small quan tity  of a ehloro- 
base, m. p. 69° (see below).
DiacetylA-hydroxylaminodiphmyl was prepared by dissolving
4-hydroxylam inodiphenyl in  acetic anhydride and pouring th e  
solution, filtered from  a lit t le  4-azoxydiphenyl, in to  excess of water. 
The well-washed precipitate crystallised from  alcohol in  clusters, 
of short, th ic k  needles, m. p. 119° (Found : C, 71-2; H , 5-8; N ,
5-2. C16H 150 3N  requires 0, 71-4; H , 5-6; N, 5-2%).
This compound gives a deep damson colour w ith  concentrated 
sulphuric acid. This diacetyl derivative (24 g.) was dissolved in  
90 c.c. of concentrated hydrochloric acid by warm ing on a water- 
bath, 500 c.c. of water were added, and the whole was filte red  
while boiling. The hydrochloride which separated on cooling was 
d ifficu lt to  p u rify  by crystallisation, as i t  was so read ily  hydrolysed. 
I t  was decomposed by  sodium carbonate, and the o il obtained was 
filtered off a fter solidification. B y  repeated crystallisation from  
aqueous alcohol, i t  was obtained as a constant-melting chloro-base, 
m. p. 69° (Found : N, 6-9. C12H 10NC1 requires N , 6-9%).
I t  gives an acetyl derivative which crystallises from  alcohol in  
glistening needles, m. p. 146° (F o u nd : C, 68-4; H , 5-0; N , 6-0.
C14H 120NC1 requires C, 68-4; H , 4-9; .N ,  5-7%).
4-Aminodiphenyl.— This compound is formed during the prepar­
a tion of 4-hydroxylam inodiphenyl, bu t its  separation from  the  
accompanying azoxy-, azo-, and nitro-compounds is d ifficu lt. 
The benzene filtra te  from  4-hydroxylam inodiphenyl was therefore- 
evaporated to  dryness, the residue finely powdered and suspended 
in  ether, a lum inium  amalgam added u n til the ethereal solution 
became colourless, the filtered solution evaporated to  dryness, 
and the residue dissolved in  boiling a lcohol; on cooling, 4-hydrazo- 
d iphenyl separated in  colourless, glistening needles, m. p. 167—  
169°. This was filte red off, and by d ilu tion  of the m other-liquor 
4-aminodiphenyl (m. p. 52— 53°) was obtained.
4-N itrod iphenyl is converted d irectly  in to  4-aminodiphenyl b y  
the same process when excess of alum inium  amalgam is added. 
This appears to  be the cleanest method of preparation, and the  
y ie ld  is good.
4:-Hydrazodiphenyl was heated w ith  hydrochloric acid and sulph­
uric acid of various strengths, bu t only 4-azodiphenyl and 4-amino­
diphenyl could be isolated from  the products, thus confirm ing the  
observation of Bassow (J. pr. Chem., 1901, 63 , 449).
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: 4-A zoxydiphenyl was isolated from  the product obtained by 
pa rtia l reduction of 4-n itrodiphenyl, b y  means of its  ready so lub ility  
in  benzene and inso lub ility  in  alpohol. I t  melts a t 212° whether 
prepared by th is  method or by Z imm erm ann’s (Ber., 1880, 13, 
1960), who, however, gives the m. p. as 206° (Found : C, 81-8; 
H , 5-2; N , 8-1. Calc. : C, 82-3; H , 5-1; N , 8-0%). :
4:-Azodiphenyl (m. p. 249°) was obtained by d is tilling  a m ix tu re  
of 4-azoxydiphenyl and iron  filings under reduced pressure.
4c-Methylaminodiphenyl.— A  m ix tu re  of 4-acetylam inodiphenyl 
(31-5 g .; m. p. 171°), d ry  xylene (200 c.c.), and sodium (5 g.) was 
heated a t 130° fo r 2— 3 hours and cooled, m ethy l iodide (25 g.) 
was added, and the reaction completed by warm ing fo r a short 
period. The xylene was d is tilled  off and the residue heated under 
re flux w ith  alcoholic potash fo r 15 hours. A lcohol and xylene were 
removed in  a current of steam, and the residue was extracted w ith  
ether. The ethereal extract was dried w ith  sodium sulphate and 
a fte r evaporation of the ether the residue d is tilled  almost w ho lly  
a t 198— 202°/20 mm., the  d is tilla te  setting to  a semi-solid mass. 
This was best purified  by  conversion in to  the n itroso-derivative, 
and subsequent decomposition of th is  by  boiling w ith  concentrated 
hydrochloric acid according to  the fo llow ing procedure. The semi­
solid mass was dissolved in  glacial acetic acid, and the calculated 
amount of sodium n itr ite  added. The precip ita te was filte red  off, 
dried on porous plate, and boiled w ith  alcohol, which extracted 
the nitrosoamine from  an insoluble ye llow  product (A). On cooling 
the filtra te , the nitrosoamine crystallised, and was obtained as an 
almost colourless, m icrocrysta lline powder, m. p. 116°, by  re­
crysta llisation from  alcohol (Found : C, 73-6; H , 5*7. C13H 12ON2 
requires C, 73*6; H , 5-7%).
The nitrosoamine gave b r illia n t colours a t the various stages of 
the Liebermann reaction. To obta in the secondary base, the 
nitroso-compound was boiled w ith  concentrated hydrochloric acid. 
The hydrochloride thus obtained crystallised from  d ilu te  hydrochloric 
acid as a w h ite  powder (F ound : HC1, 16*6. C13H 13N,HC1 requires
HC1, 16-6%). On decomposition w ith  sodium carbonate, 4-m ethyl- 
am inodiphenyl was obtained as an o il which ra p id ly  solidified and 
had m. p. 38°. I t  was read ily  soluble in  almost a ll organic solvents, 
gave an acetyl derivative, m. p. 118— 119°, which was ve ry  soluble in  
alcohol and separated from  aqueous alcohol in  a gelatinous condition.
This base is much better characterised as its  p -toluenesulphonyl 
derivative, which was read ily  prepared by  the action of ^-toluene- 
sulphonyl chloride in  pyrid ine  solution, and crystallised from  
alcohol in  lustrous, w hite  needles, m. p. 128° (Found : N, 4-2. 
C20H 19O2NS requires N , 4*2%).
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I ts  constitu tion is easily checked, since i t  may also be prepared 
by shaking the p-toluenesulphonate of 4-aminodiphenyl w ith  
m ethyl sulphate and sodium hydroxide. The p -toluenesulphonate 
of 4:-aminodiphenyl, prepared by the usual method, crystallises 
from  alcohol in  colourless needles, m. p. 160° (Found : N, 4-5. 
C19H 170 2NS requires N, 4-3%).
The yellow product (A) obtained in  the preparation of 4-nitroso- 
methylam inodiphenyl crystallised read ily  from  benzene in  splendid, 
lustrous, yellow  plates which decomposed v io len tly  a t 187°. On 
boiling w ith  d ilu te  sulphuric acid, there was vigorous evolution 
of nitrogen. When th is had ceased, water was added and the 
whole filtered boiling hot. 4-M ethylam inodiphenyl sulphate 
crystallised from  the f i lt ra te ; the residue, after solution in  sodium 
hydroxide and precip itation, melted a t 164° and was identica l w ith  
4-hydroxydiphenyl prepared d irec tly  from  4-aminodiphenyl. The 
compound (A) must therefore be 4z-diazomethylaminodiphenyl 
(Found: C, 81*8; H , 5-7; N, 11-1. 025H 21N 3 requires C, 82*6;
H , 5-8; N, 11-6%).
4-Diazoaminodiphenyl is formed by trea ting  an acetic acid 
solution of 4-aminodiphenyl w ith  sodium n itr ite  and forms yellow  
plates, m. p. 147° {Ber., 1925, 58, 1913).
4-N itrosomethylam inodiphenyl both  alone and when suspended 
in  ether was treated w ith  an alcoholic solution of hydrogen chloride. 
A fte r 24 hours, the white  solid was filte red  off and decomposed 
w ith  sodium hydroxide. The solid thus obtained was dissolved in  
alcohol, and on cooling, a small crop, m. p. 96°, was obtained. 
A lthough crystallisation does not a lte r th is  m elting point, the 
product appears to  be a m ixture  of unchanged 4-nitrosomethyl- 
aminodiphenyl and 4-methylam inodiphenyl, for, on trea tm ent 
w ith  acetic anhydride and subsequent crystallisation from  alcohol, 
pure 4-nitrosomethylam inodiphenyl was obtained. A fte r separ­
ation of the crop of m. p. 96°, the m other-liquor began to  deposit 
an o il which, a fter purification, yielded 4-m ethylam inodiphenyl 
(m. p. 38°).
DiphenylylA-acetylcMoroamine.— 4-Acetylam inodiphenyl (31-5 g .) 
was dissolved in  the m inim um  q uan tity  of boiling alcohol, and the 
solution stirred rap id ly  in to  3 litres of cold water, a paste of the 
consistency of whipped cream resulting. This paste was filte red  
off w ith  the aid of the pump b u t no t pressed o u t ; i t  was washed 
w ith  water to  remove a ll alcohol, and then suspended in  water 
(600 c.c.) containing potassium bicarbonate (60 g.), A  consider­
able excess of sodium hypochlorite solution was added [equivalent 
to  11*6 g. of hypochlorous acid instead of 7-9 g. (calc.)], the strength 
of the whole' m ixture  being 0-16A in  respect of hypochlorous acid.
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The m ix tu re  was m aintained a t about 70° w ith  constant shaking 
fo r \  hour, and then allowed to  cool. The solid was filte red off 
and a sample extracted w ith  chloroform. The solvent was removed 
by  a current of a ir and fin a lly  by evacuation. A  weighed quan tity  
of th is product was dissolved in  chloroform  and shaken w ith  acetic 
acid and potassium iodide solution and the liberated iodine was 
estimated (Found : Cl, 13-9. C14H 120NC1 requires Cl, 14-4%).
This compound crystallises from  ch lo ro fo rm -ligh t petroleum in  
square plates m elting a t 127° i f  heated rap id ly , and a t 160° under­
goes a vigorous, change, presumably to  3-chloro-4-acetylamino- 
d iphenyl.
Transformation of DiphenylylA-acetylchloroamine.— The m ain bu lk  
of th is  substance was filte red off, w ell washed w ith  water, dissolved 
in  glacial acetic acid, and the solution kept a t 80° fo r 10 minutes 
and cooled; the vessel then  became filled  w ith  masses of colourless 
needles, m. p. 145°, and 147° a fte r recrysta llisation from  aqueous 
alcohol. The fina l mother-liquors contained a l i t t le  unchanged
4-acetylam inodiphenyl and a trace of a brown oil.
F ractiona l crystallisation of th is  substance and of the residues 
in  the acetic acid mother-liquors fa iled to  detect the presence of 
any. trace of 4'-chloro-4-acetylam inodiphenyl. The compound, 
hydrolysed by  boiling  50% sulphuric acid, gave a base which, 
a fte r crystallisation from  aqueous m ethy l alcohol, melted a t 69°. 
4'-Chloro-4-aminodiphenyl has m. p. 134°, so th a t i t  is h igh ly  
probable th a t the above compound is 3-chloro-4-aminodiphenyl, 
and th is  view of its  constitu tion  is supported by  its  preparation 
by  d irect chlorination.
Chlorine (6-65 g.) (5% excess) was slow ly bubbled through a solution 
of 4-acetylam inodiphenyl (21 g.) in  glacial acetic acid (300 c.c.) in  a 
ta l l  vessel. A  copious precip itate began to  fo rm  a t once, and a fter 
completion of the experiment 50 c.c. of water were added and the 
pale ye llow  product was filte red off. I t  melted a t 144° and after 
recrysta llisation from  alcohol was obtained in  fine, colourless needles, 
m. p. 146°. This substance on hydrolysis gave a base, m. p. 69°, 
identica l w ith  th a t obtained above. Exhaustive fractiona l crys ta ll­
isation showed th a t the ch lorination was p ractica lly  quantita tive , 
only 4%  of unchanged 4-acetylam inodiphenyl being recovered and 
no trace of 4/-chloro-4-acetylam inodiphenyl was detected.
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CCXVII.— Investigations in  the D iphenyl Series. Part 
V I. The Configuration of D iphenyl Derivatives.
By F r a n k  B ell and P e r c y H a r r y  B obinson.
T h e  norm al and the acid quinine salt of 4-nitrodiphenic acid can 
be crystallised w ith o u t showing any sign of resolution. 6-N itro- 
diphenic acid is read ily  resolvable, and the optica l a c tiv ity  is 
apparently of a norm al degree of permanence. This s tr ik in g  d iffe r­
ence in  behaviour of tw o  such s im ila rly  constitu ted acids can be 
accounted fo r on ly  b y  the assumption th a t the presence of the 
n itro-group in  position 6 is essential to  prevent the interchange
C 02H
(I.) O ' <z>
no2
of the enantiomorphs (I)  and ( I I ) .  The fac t th a t i t  has so fa r 
proved impossible to  prepare tetranitro fiuorenone ( I I I )  or te tra -
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nitrophenanthraquinone (IV ), w h ils t diphenic acid and benzil 
read ily  y ie ld te tr  an itr o - derivatives (V  and V I), could be anticipated
n o 2 n o 2 n o 2 n o 2
(III.) N 0 2/ _ V - < f _ ^ > N 0 2 N 0 2^ V - T ^ N 0 2 (IV.)
CO co-co
from  th is  “  obstacle ”  theory. Moreover, i t  would be expected 
th a t diphenic acids unsubstituted in  the 6 : 6'-positions should
n o 2 no n o 2 n o 2
(V.) N 0 2< ^ - < ^ > o 2 N 0 2O  / ~ \ n 0 2 (VI.)
C02H°°2H \
co-co
fo rm  anhydrides, in  spite of m any statements to  the contrary {e.g., 
Adkins, Steinbring, and Pickering, J. Amer. Chem. Soc., 1924, 
46, 1918; Underwood and Kochmann, ibid., p. 2069). I t  is now 
found th a t 4-n itro- and 4 : 4 '-d in itro-d iphenic acids y ie ld  anhydrides 
under suitable conditions; an a ttem pt to  prepare the anhydride 
o f 6-nitrodiphenic acid was, however, unsuccessful. According 
to  the present hypothesis, a d iphenyl derivative w ith  tw o  suffi­
c ien tly  large groups in  the 2- and 2'-positions, th a t is, groups which,
owing to  size or electrical character, are unable to  pass the
6'- and 6-positions, respectively, should be capable of resolution
R  R
(VII.) < /  < J— )   - y  (VIII.)
( V I I  and V I I I ) .  Suitable derivatives fo r testing th is  po in t have 
no t ye t been obtained. The dicamphorsulphonyl derivative of 
2 : 2 '-diam inodiphenyl was a viscous mass, and the eampkor(and 
bromocamphor)-sulphonates of several 2 :2 '-derivatives of te tra - 
methylbenzidine proved unsuitable fo r crystallisation. M enthyl 
hydrogen and di-d-[3-octyl diphenates were no t obtained in  a solid 
condition, b u t d im enthyl and d!-(3-octyl hydrogen diphenates were 
crystallised from  several solvents w ithou t showing any ind ication  
of resolution. The reso lvab ility  o f such compounds is therefore 
s t i l l  an open question.
E xperimental.
Optically Active Q-Nitrodiphenic Acid.— Morphine hydrate (7*7 g.) 
was added to  a boiling solution of 6-nitrodiphenic acid (7-2 g.) 
in  alcohol (500 c.c.). The precip itated salt (7-8 g .; m. p. 224°) 
(Found : C, 63-6, 63*7; H , 5-4, 5-3%. [a]5461 — 87-5p in  pyrid ine,
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c =  4*99; I =  2-0) was extracted repeatedly w ith  bo iling  alcohol, 
and the p roduct ([a ]5461 —91-5° in  p y rid in e ; c =  4*81; I == 1-0) 
was dissolved in  a large b u lk  of b o ilin g  w ater and decomposed 
; w ith  a s ligh t excess of hydroch loric acid. The so lu tion  was extracted 
w ith  ether,, and the  e x tra c t was repeatedly washed w ith- d ilu te  
hydroch loric acid, d ried  w ith  sodium  sulphate, and then  evaporated 
to  dryness. The residue was fu rth e r p u rifie d  b y  rep rec ip ita tion  
. from  so lu tion  in  am m onia b y  hydroch loric acid. The d +  dl-6- 
n itrod iphen ic  acid m elted in d e fin ite ly  a t 240— 245°, and had
[a ]546i  -j-56 '2° (c =  5*91; I  = 1 *0 ) in  absolute e th y l alcohol.
The alcoholic m other-liquo r conta in ing the  m ore soluble sa lt 
,([a ]546i — 84*6° i i i  p y rid in e  so lu tio n ; c =  5*0, I  == 1*0) was concen­
tra te d  and poured in to  d ilu te  hydroch loric acid, and the p recip ita ted  
I +  dl-acid recovered as described above. The I +  «7-acid m elted 
a t 239.—245° and had [a ]5461 —66-7° in  e th y l alcohol (c =  5 '0 7 ; 
I — 1-0). Q uinine hydrogen 6-n itrod iphenate was equally suitable 
and a fte r one c rys ta llisa tio n  gave on decom position the  d +  dl-acid 
w ith  [a ]546i  + 6 2 °.
The acid ([a ]5461 —66-7°) was dissolved in  bo iling  acetic acid 
and allowed to  crysta llise  slow ly. The acid w hich crysta llised 
had [a ]546i —57-6°, w h ils t the  m other-liquo r, on evaporation to  
dryness, gave an acid w ith  [a]s46i  —60-3°. Solutions of fo u r d iffe ren t 
samples o f acid having a5461 ==■ — 1T2°, —2-90°, —3-38°, and + 3 -3 2 0 
respective ly in  absolute e th y l alcohol were le ft in  corked flasks a t 
lab o ra to ry  tem perature fo r 6 m on ths; th ey  then  had the  values 
oc5461 =  — I ' l l 0,. —2-920, —3*24°, and +3*24°, respective ly. '
Dichloride of 4,-Nitrodiphenic Acid.— The acid was added slow ly 
to  w arm  th io n y l ch loride, and the  resu ltan t so lu tion  evapor­
ated to  dryness in  a vacuum . . The residual so lid  crysta llised  from  
benzene-light petroleum  as a pale ye llow  powder, m , p. 90—- 
92° (F o u nd : C, 52-6; H , 2-1. C14H 70 4NC12 requires C, 51*8; 
H ,2-2% >.
4-Nitrodiphe,nic Anhydride.— T h io ny l ch loride was added drop 
b y  drop to  4 -n itrod iphen ic acid, and the  resu ltan t so lu tion  evapor­
ated to  dryness in  a vacuum . The residua l so lid  crysta llised  from  
acetic anhydride in  sm all needles, m . p. 205—207° (Found : C, 62-8; 
H , 2*4. G14H 70 5N  requires 0 , 62-4; H , 2-6% ).
4 : 4 '-Dinitrodiphenic Anhydride.—A  : 4 '-D in itrod iphen ic  acid
(1*9 g.) and its  acid ch loride (2*1 g.) were heated under re flu x  w ith  
acetic anhydride fo r several hours. On cooling, the  liq u id  fille d  
w ith  sm all prism s, w hich sintered a t 125° and m elted a t 232— 234° 
(Found :; C, 51-9; H , 3-0; loss' on1 d ry in g  to  constant w eight 
a t 130°,. 24-3. C14H 60 7N 2,G4H 603 requires C, 51-9; H , 2*9; losSj 
24*5% ). A fte r c rys ta llisa tio n  from  benzene, the  anhydride form ed
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a powder, m. p. 233— 235° (Found : C, 54-1; H , 2*1. C14H 60 7N 2 
requires C, 53-5; H , 1-9%).
Bichloride of Q-Nitrodiphenic Acid (compare 4-n itrod iphenic 
acid).— This was a pale ye llow  powder, m . p. 87° (Found : C, 51-8 ■ 
H , 2-2. C14H 70 4NC12 requires C, 51-8; H , 2-2% ). A ttem p ts  to  
prepare the anhydride of th is  acid resulted in  viscous products 
only.
2 : 2'-Bibenzamidotetramethylbenzidine, prepared by  in te ra c tio n  
of the components in  pyrid ine , separated from  benzene as a c rys ta l­
line  powder, m . p. 201° (F o u n d : C, 75*9; H , 6*1. C30H 30O2N 4 
requires C, 75-3; H , 6-3% ), and 2 : 2 '-di-p-toluenesulphonylamido- 
tetramethylbenzidine, s im ila rly  prepared, crysta llised  from  alcohol 
in  leaflets, m . p. 203° (F ound : C, 62*8; H , 5-8. C30H 34O4N 4S2; 
requires 0 , 62-3; H , 5-9% ).
2-Aminotetramethylbenzidine, prepared by  the same m ethod as 
2 : 2 '-d iam inotetram ethylbenzid ine, crysta llised  from  alcohol in  
plates, m . p. 138° (F ound : 0 , 74-8; H , 7-8. C16H 21ISr3 requires 
C, 75-3; H , 8-2%).
d-fi-Octyl hydrogen diphenate, prepared from  diphenic anhydride 
and d-P-octanol in  the usual way, form ed large needles, m . p.
70—73°, when crystallised from  lig h t petroleum  (Found : equ iv., 
349. C22H 260 4 requires equiv., 354). I t  was unchanged in  ro ta to ry  
power ([k]d —)— 51°; c =  5-0; 1 =  1-0 in  absolute e th y l alcohol) 
by recrysta llisa tion  from  lig h t petroleum  or aqueous e th y l 
alcohol.
Bichloride of Biphenic A cid .— D iphenic acid (20 g.) was dissolved 
in  warm  th io n y l chloride (100 c.c.), and the excess of th io n y l ch loride 
then removed in  a vacuum. The residue was boiled w ith  benzene, 
and the so lu tion was filte re d  from  diphenic anhydride (2— 3. g .) 
and d ilu ted  w ith  lig h t petroleum . A  y ie ld  o f 80% of the d ich lo ride , 
m . p. 97°, was obtained.
Bimenthyl Biphenate.— (a) A  so lu tion of equ iva lent quan tities o f 
m enthol and diphenic acid d ich loride in  ether was boiled fo r 15 hours 
in  the presence of potassium  carbonate. W ater was then added 
and the ethereal layer was separated, dried, and evaporated. The 
o ily  residue was dissolved in  lig h t petroleum , from  w hich i t  separated 
in  plates (y ie ld  30% ), m .p . 123— 126°, [a ]5461 — 118-6°, w hich, a fte r 
recrysta llisa tion  from  lig h t petroleum , had m . p. 126° and [a ]5461 
— 120-4° in  chloroform  so lu tion (c =  4-88, 1 =  2-0) (F o u nd : C, 78-5; 
H , 8-3. C34H 460 4 requires C, 78-7; H , 8-9% ). (b) A  so lu tion  o f
equivalent quantities of m enthol and diphenic acid d ich loride  in  
pyrid ine , a fte r standing fo r 12 hours, was poured in to  w ater, and 
the resu lting  p recip ita te  crysta llised from  lig h t petroleum . Suc­
cessive crops had [a ]5461 —119-6°, — 119-2°, —119-0° (y ie ld  60% ),
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and a fte r recrysta llisa tion  from  lig h t petroleum  o f acetic acid the 
ester had [a ]5461 —1203° (c =  4*94, I =  2*0).
One o f the  authors (F .B .) is in  rece ip t o f a g ra n t from  the D epart­
m ent of S cien tific  and In d u s tria l Research.
B a t t e r s e a  P o l y t e c h n i c , S.W. 11. [Received, M a y 11th, 1927.]
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CCXCVIII.— Investigations in  the Diphenyl Series. 
P art V I I .  The Relative Stability of Optically 
Active D iphenic Acids.
By F r a n k  B ell and P e r c y H a r r y  R obinson.
The theo ry  advanced to  account fo r the asym m etry of certa in  
d iphenyl deriva tives (P a rt V I, th is  vo l., p. 1695; J. Soc. Chem. 
Ind ., 1926, 45, 864) d e fin ite ly  indicates th a t the  op tica l a c tiv ity
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o f such compounds should gain in  permanence w ith  an increase in  
the num ber of groups in  the central positions. U p to  the present, 
i t  has no t proved possible to  prepare in  an o p tica lly  active  con­
d itio n  a compound w ith  only tw o centra l groups, a lthough some 
of the a lka lo ida l salts o f “  non-resolvable ”  acids show m arked 
heterogeneity (compare C hristie and Kenner, J ., 1923, 123, 779; 
1926, 470).
I t  is now found th a t 6-n itrodiphenic acid (I) is ve ry  m uch less 
o p tica lly  stable than  4 : 4 ' :  6 : 6 '-te tran itrod iphen ic acid ( II) .  Thus
an aqueous solution of the sodium sa lt of the form er acid stead ily 
fa lls  in  ro ta to ry  power, w h ils t no such change can be perceived in  
th e  case of the la tte r acid. F urthe r, bo iling  acetic anhydride 
Tacemises 6-n itrodiphenic acid in  a ve ry short tim e, w h ils t 4 :4 ':  6 :6 '- 
te tran itrod iphen ic  acid loses on ly 25%  of its  a c tiv ity  a fte r bo iling  
w ith  acetic anhydride fo r 10 hours. The fa ilu re  w hich has attended 
attem pts to  resolve 5-n itrodiphenic acid ( I I I )  and 2 : 2 '-d in itro - 
d iphenyl-4 : 4 '-d icarboxylic acid could have been an tic ipa ted  from
the  “ obstacle ”  theory. I t  m ay be noted th a t 5 -n itrod iphen ic 
acid read ily  form s an anhydride, and w ith  su lphuric acid easily 
undergoes condensation to  form  a fluorenone de riva tive , in  m arked 
contrast to  4 : 4 ':  6 '-trin itro d ip h e n ic  acid (V) w hich is unaffected
b y  sulphuric acid a t 160°. 4 :4 '-D in itrod iphen ic  acid (V I) also does 
n o t undergo fluorenone fo rm ation  (Underwood and Kochniann, J. 
Amer. Chem. Soc., 1924, 46, 2069).
A lthough the fa ilu re  to  resolve fluorenone-4-carboxylic acid has 
been already reported by M ills , Palm er, and Tom kinson (J., 1924, 
125, 2365), i t  appeared possible th a t the  in tro d u c tio n  of a n itro - 
group in  position  5 m igh t stabilise the enantiom orphous form s w hich 
arise i f  the fluorene system is non-planar. However, 5 -n itro - 
fluorenone-4-carboxylic acid (IV ) was n o t resolved by  crys ta llisa tio n  
o f its  m orphine or quin id ine salts, and th is  resu lt can be in te rp re ted
N 0 2 n o 2 n o 2
n o 2 c o 2h  n o 2
(III.) (IV.)
n o 2
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as ind ica tin g  th a t the  4 : 5-positions of fluorene are fa rthe r apart 
than  are the  6 : 6 '-positions in  a diphenic acid. This conclusion 
agrees w ith  the  fa c t th a t, a lthough such systems as (V II)  are read ily  
form ed, attem pts to  prepare compounds of type  (V III)  have 
repeatedly fa iled  (see M eyer, M eyer, and Taeger, Ber., 1920, 53,
d- and l-6-Nitrodiphenic Acids.— The norm al quin ine sa lt of
6 -n itrod iphenic acid was system atica lly crysta llised from  alcohol 
u n til i t  was separated in to  a s lig h tly  less soluble sa lt, [a ]5461 
286-6° (c =  2-5 in  ch loroform ), and a s lig h tly  more soluble sa lt, 
[oc]5461 — 122-4° (c =  2-5 in  ch loroform ). The form er on decom­
pos ition  gave the  d-acid w ith  [a ]546i  +  65-2° (c =  3-01 in  e th y l 
alcohol), w h ils t the  la tte r gave the  Z-acid w ith  [a ]5461 — 66-4° 
(c =  4-91 in  e th y l alcohol). The Z-acid had [a ]5461 +  433° (c =  4-69 
in  0-261V-sodium  hydroxide), w h ils t the  eZ-acid, obtained from  its  
m orphine sa lt, had [a ]5461—  434° (c =  4-73 in  0-426V-sodium  
hydroxide).
The so lu tion  o f the  sodium  sa lt was kep t a t room  tem perature, 
and the  fo llow ing  observations were made :
Solutions of eZ-6-nitrodiphenic acid (1 g.) in  10 c.c. o f acetic acid 
and in  10 c.c. o f acetic anhydride were boiled under s im ila r con­
d itio ns  fo r 1 hour, and th ey  then  had a5461 +  11-55° and 0-0° 
respective ly (Z =  2). A fte r the  acetic acid so lu tion  had been boiled 
fo r a fu rth e r period o f 5 hours, i t  had a5461 +  0-94°.
d-6-N itrod iphen ic acid (1 g.) was converted in to  5-nitrofluorenone-
4 -carboxylic acid (see below). The acid obtained was inactive  
(c =  2-4; 1 =  2).
Z-6-N itrodiphenic acid was dissolved in  excess of th io n y l ch loride 
and the  so lu tion  evaporated in  a vacuum . The residue was crys­
ta llised  from  benzene-light petroleum  and gave the  Z +  dl-acid 
d ich loride , m . p. 65— 68°, [a ]546i  — 209-5° (c =  5-04; Z =  2), w h ils t 
the  m other-liquor on evaporation gave a fu rth e r crop of the  
d ich loride  w ith  [a ]5461 — 220-6° (c =  2-31; Z =  2 in  ch loroform ).
d- and 1 +  d l-4  : 4 ' : 6 : Q'-Tetranitrodiphenic Acids.— B o ilin g  alco­
ho lic  solutions of te tran itrod iphen ic  acid (35-7 g. in  1 1.) and
2034)
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E x p e r i m e n t a l .
Time (days)
<*5461
0
-20-51°
2
-18-61°
9 23 36-5 51
—  14-42° -8-23° -4-00° -1-50°
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quin id ine (30-5 g. in  \  1.) were m ixed, and the p recip ita ted  sa lt 
was filte re d  off and boiled w ith  alcohol u n til the  residue a tta ined  
constant ro ta to ry  power [a ]5461 +  243-5° (c =  2-15 in  14-7iV-acetic 
ac id ); m. p. 252° (decomp.). The alcoholic filtra te s  were evapor­
ated, the residue was dissolved in  acetic acid, and the resu ltan t 
so lution poured in to  d ilu te  hydroch loric acid. The libera ted  te tra - 
n itrod iphen ic acid was extracted w ith  ether, and the well-washed 
extract dried w ith  sodium sulphate and evaporated. The residue 
([a ]546i  ca. — 50°) was boiled w ith  benzene, and the  more soluble 
m ateria l was repeatedly crysta llised from  benzene u n til i t  a tta ined  
constant ro ta to ry  power. I +  cZZ-Tetranitrodiphenic acid form ed 
needles which, a fte r being heated a t 130° fo r hour, m elted a t 
224— 226° and had [a ]5461 — 138-5° (c — 1-7 in  e th y l alcohol). The 
less soluble qu in id ine sa lt was decomposed (a) by  dissolving i t  in  
acetic acid and pouring the so lu tion  in to  d ilu te  hydroch loric acid,
(b) by dissolving in  pyrid ine  and pouring the  so lu tion  in to  d ilu te  
ammonia, (c) by  g rind ing  w ith  concentrated hydroch loric acid. 
The acids, recovered as described above and dried  a t 140°, had 
alm ost the same ro ta to ry  power, showing th a t racem isation does 
no t occur during the recovery process.
d-4 : 4 ' : 6 : 6 '-Te tran itrod iphen ic acid, m . p. 226— 227° (Found : 
equiv., 211. Calc. : 211) (0-3696 g. in  20 c.c. o f e th y l alcohol in  
a 2 dm. tube) gave :
A ...............  4359 4602 5461 5790 6708
a ............... +16-70° +11-64° +5-26° +4-12° +2-58°
whence [a]5461 +142-3°.
0-4209 G. in  20 c.c. of !-033iVyiO-]STaOII in  a 2 dm., tube gave :
A ......  4359 4602 5106 5218 5461
a ..... +29— 31° +19-6— 20-0° +10-84° +9-72° +8-00°
A ......  5790 5896 6104 6708
a .....  +6-33° +5-86° +5-08° +3-78°
whence [a]5461 +  190-5°.
A fte r 39 days, th is  so lution had a5461 +  8-08°.
A  so lution of d -te tran itrod iphen ic acid in  acetic anhydride (1 g. 
in  10 c.c.), w ith  a5461 - f  23-15°, had a fte r 2 hours’ bo iling  a5461 +  
18-14°, and a fte r 9 hours’ bo iling  a5461 -j- 17-12°.
Z-Tetranitrodiphenic acid was dissolved in  th io n y l chloride by  
bo iling  fo r 2 hours under re flux, and the so lu tion  was evaporated 
in  a vacuum. The residue was d iffic u ltly  soluble and m elted 
inde fin ite ly . Though no product was isolated in  a pure cond ition , 
the optica l a c tiv ity  was preserved, since M 546I  133 (c — 2 in
pyrid ine).
5-N itrodiphenie acid was prepared by  the  process described by
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Schm idt and Lum pp (Ber., 1908, 41, 4315). A fte r 1 hour’s bo iling  
w ith  acetic anhydride, the  so lu tion  on cooling deposited crysta ls 
o f 5-nitrodiyphenic anhydride, m . p. 193— 195° (F ound : C, 62-4; 
H , 2-9. C14H 70 5N  requires C, 62-4; H , 2-6% ). 5 -M trod iphen ic 
acid (1-5 g.) in  su lphuric acid (5 c.c.) was heated a t 160° fo r J hour, 
and a fte r cooling poured in to  w ater. The p recip ita ted  6( %)-nitro- 
fiuorenoncA-carboxylic acid m elted a t 282° a fte r c rysta llisa tion  from  
acetic acid (Found : equiv., 270-5. C14H 70 5N  requires equiv., 269). 
5 -M trod iphen ic acid gave non-crysta llisab le  quinine, m orphine, and 
qu in id ine  salts. The brucine sa lt on c rysta llisa tion  from  w ater 
gave successive crops w ith  [a ]5461 — 10-4°, — 10-9°, — 11-2°, —11-1° 
(c =  2-5; I — 2 in  14-7A-acetic acid), ind ica tin g  th a t no resolution 
had taken place.
5-M trofluorenone-4-carboxylic acid was prepared by the m ethod 
o f Moore and H untress (J. Amer. Chem. Soc., 1927, 49, 1324). 
The qu in id ine  sa lt showed s lig h t irre g u la rity  in  ro ta to ry  power 
([a ]546i  ca. — 20-6°; c == 2-5 in  chloroform ) b u t no reso lu tion was 
effected. The m orphine sa lt was crysta llised  from  alcohol and 
showed a constant ro ta to ry  power of [a ]5461 — 7,3-5° (c =  2 in  
14-72V-acetic acid).
2 : 5 :  l(1)-Trinitrofiuorcnonc-4:-carboxylic acid, obtained by  heat­
ing  5-n itro fluorenone-4-carboxylic acid (2-5 g.) w ith  n itr ic  acid 
(d 1-5; 50 c.c.) a t 100° fo r 2 hours, pouring in to  w ater, and 
crys ta llis in g  the resu lting  mass from  aqueous alcohol, form s g listen ­
ing , pale ye llow  plates, m . p. 254— 255° (Found : 0 , 46-5; H , 1-7. 
C14H 50 9N 3 requires C, 46-8; H , 1*4%).
2 : 2/-D in itrod ipheny l-4  : 4 '-d ica rboxy lic  acid was prepared from
4-brom o-3-nitrobenzoic acid. Its  excessive in s o lu b ility  m ilita te d  
against the  p roduction  of un ifo rm  norm al a lka lo ida l salts. The 
brucine sa lt on c rys ta llisa tio n  from  w ater varied in  ro ta to ry  power 
between [a ]5461 — 40° and [a ]5461 — 56° (c == 2 in  pyrid ine ), b u t 
the  libe ra ted  acid was inactive  when observed in  1-033A /10-sodium  
hydroxide.
Quinine salts of 4z-nitrodiphenic acid. A n  alcoholic so lu tion  of 
qu in ine  (2 m ols.) and 4-n itrod iphenic acid (1 m ol.) was allowed to  
crysta llise  slow ly. Successive crops had [a ]5461 +  94-4°, +  84-0°, 
+  77-2° (c =  2-5 in  chloroform ), and the  m other-liquor on evapor­
a tion  and desiccation gave a so lid  w ith  [oc]5461 +  11-9°, Hecrys- 
ta llis a tio n  o f the  in term edia te  crops raised the  ro ta to ry  power to  
[a ]5461 -f- 106-4°; m . p. 180° (inde fin ite ) (Found : C, 66-3; H ,
5-6% ). The libera ted  4 -n itrod iphen ic acid was inactive  in  every 
case. The difference in  ro ta to ry  power m ay be a ttrib u te d  to  :
(a) reso lu tion  o f the  a lka lo ida l s a lt; (6) adm ixture  o f acid and 
norm al quinine salts and qu in ine ; (c) differences in  the  num ber o f
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molecules of solvent of crys ta llisa tio n — none of the  salts los t m ore 
th an  0*5% b y w eight on d ry ing  fo r 1 hour a t 120°, how ever; or 
(d) possible presence of 6 -n itro - and 4 : 4 '-d in itro -d iph en ic  acids as 
im purities.
In  conclusion, the authors w ish to  express th e ir thanks to  the  
D epartm ent of Scientific and In d u s tria l Research fo r a g ran t made 
to  one of them .
B a t t e r s e a  .P o l y t e c h n i c , S.W. 11. [Received, J u ly  6th, 1927,]
P rint e d in G r e a t B ritain b y  R i c h a r d C l a y &  Son s, L imited,
BUNGAY, SUFFOLK.
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CJCLXXXVIII.— By-products o f the Gattermann Alde­
hyde Reaction.
By F r a n z  B ell and T h o m a s A n d e r s o n H e n r y .
The G atterm ann synthesis o f p -hydroxybenzaldehydes, depending 
on the  p rim a ry  p roduction  of an a ld im ine h y  the  action  of hyd ro ­
cyanic acid on a phenol, has been the  subject o f a considerable 
num ber o f m odifica tions, m a in ly  designed to  avoid  the  use o f 
anhydrous hydrocyanic acid. T h a t due to  Adams and M on t­
gom ery (J. Amer. Chem. Soc., 1923, 45, 2373; 1924, 46, 1518) has 
been used in  these laboratories (H enry and Sharp, J ., 1926, 2432), 
and the  present paper gives an account o f ce rta in  by-products isolated 
d u rin g  the  prepara tion  o f p-hydroxybenzaldehydes by  th is  m ethod.
T hym o l is stated to  g ive a q u a n tita tive  y ie ld  o f the  corresponding 
jp-aldehyde (I), b u t a trace o f the  o-aldehyde ( I I )  is  in v a ria b ly  
form ed, together w ith  a sm all am ount o f dithymylacetonitrile ( I I I ) ,
Me OHC Me / M e \
O H < ^ > C H O  ° H < ^ / >  O H < ^ ~ V  CH-CN
Pr# Pr£ A . Pr^ /2 .
' (I-) (II.) (III.)
Carvacrol gives analogous products. K obek (Ber., 1883, 16, 2104) 
iso la ted a sm all am ount of carvacroldialdehyde (IV ) when preparing
OHC Pr£ OHC Pr£ I Pr^ \
(IV.) O H < A ^ > C H O  O H < ^ ^ > - C H K ^ > O H  (V.)
Me Me \  Me / 2
carvacrolaldehyde by  the  Beim er-T iem ann process, and the 
fo rm a tion  of th is  dialdehyde in  the  G atterm ann reaction is now
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C3H 7 Al01> +  o«H*>
shown by the iso la tion  of its  condensation p roduct (V ) w ith  carvacro l. 
In  some experim ents w ith  thym o l, isopropylbenzene and w-cresol- 
aldehyde (V I) (o-cresolaldehyde in  the  case o f carvacrol) were 
isolated, the  amounts o f these compounds being greatest when the  
y ie ld  of aldehyde was least. This resu lt was traced to  the  fa c t th a t 
under the  conditions o f aldehyde fo rm a tion  i t  is possible to  convert 
th ym o l alm ost com pletely in to  m-cresol and isopropylbenzene
Me Me OH
_ h c i_  A  ^  M e < A  
JOH . + \ / 0H CHO
C3H 7C1 "  °3H 7 < ^ >
when no hydrocyanic acid is present, thus p ro v id ing  a fu rth e r 
example o f the re ve rs ib ility  o f the F riede l-C ra fts  synthesis (compare 
Jacobsen, Ber., 1885, 18, 339). The p o ss ib ility  o f u tilis in g  th is  
reaction to  introduce the  isop ro p y l group in to  compounds dissolved 
in  non-reactive solvents, e.g., ether, xylene, or p-cym ene, s t ill aw aits 
exam ination. A  recent paper (B erry and R eid, J . Amer. Chem. 
Soc., 1927, 49, 3142) describes the  transfe r o f an ^sopropyl group 
from  dnsopropylbenzene in to  naphthalene.
The conditions o f the  fo rm a tion  o f substitu ted  aceton itriles, such 
as d ithym yla ce ton itrile  ( I I I ) ,  have been exam ined. I t  is w ell 
known th a t arom atic aldehydes show ve ry  va ry ing  behaviour on 
trea tm en t w ith  potassium  cyanide in  aqueous-alcoholic so lu tion . 
One group, w hich includes benzaldehyde, p -chlorobenzaldehyde 
(Hantzsch and G lover, Ber., 1907, 40, 1519), and o-m ethoxybenz- 
aldehyde (Irv in e , J ., 1901, 79, 670), re a d ily  yie lds the  corresponding 
benzoins, whereas o- and p-hydroxybenzaldehydes undergo resin i- 
fica tion , and in  s t ill o ther cases, e.g., o-nitrobenzaldehyde (Ekecrantz 
and A h lq v is t,Ber., 1908,41,878; 1910,43,.2606), a v a rie ty  o f products 
o ther than  the benzoin is obtained. There is lit t le  doubt o f the  
correctness o f Lapw orth ’s theo ry o f the  benzoin change (J ., 1903, 83, 
995; compare Greene and Robinson, J ., 1922,121, 2182), according 
to  w hich the aldehyde, R-CHO, firs t adds on hydrogen cyanide, then  
combines w ith  a fu rth e r m olecule o f aldehyde, and fin a lly  elim inates 
hydrogen cyanide as in  (A ). I t  seemed possible th a t the  cyano- 
h yd rin  phase in  the  condensation m igh t be detected in  the  case o f
R-CHO - - ° K> r A o H  CH0> R(p CR -— ■> R C — O R  (A )
CN CN vOH OH
even the hydroxybenzaldehydes, i f  some substance were present 
in  the so lu tion  w ith  w hich the  cyanohydrin  m ig h t react to  fo rm  a
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stable p roduct. Accordingly- m ixtures of hydroxybenzaldehydes 
w ith  the  corresponding phenols were warm ed w ith  potassium  
cyanide. In  one case on ly  was crysta lline  m ate ria l isolated, thym o l- 
aldehyde and th ym o l g iv ing  a 12% y ie ld  o f d ith ym y la ce to n itrile .
>CH(CN)<
I t  m ig h t be an tic ipa ted  th a t the  y ie ld  of the  n itr ile  w ould be con­
siderab ly increased i f  the  potassium  cyanide were replaced by 
hydrogen cyanide. W ith  th is  end in  view  hydrogen ch loride was 
passed in to  a d ry  benzene so lu tion  of, e.g., thym olaldehyde and 
th ym o l conta in ing zinc cyanide in  suspension. O n ly deriva tives 
o f triphenylm ethane were obtained, and th is  resu lt is in te rp re ted  as 
ind ica tin g  th a t cyanohydrins are n o t form ed under these experi­
m enta l conditions. The readiness o f condensation suggests th a t 
the  hydrogen chloride form s an interm edia te  add itio n  p ro du ct 
w ith  the  aldehyde as shown in  (B). I f ,  however, an alcoholic
so lu tion  o f equim olecular quan tities o f the  aldehyde and phenol is 
trea ted  w ith  hydrogen cyanide and the  m ix tu re  is heated to  the  
b o ilin g  p o in t a fte r the  add itio n  o f zinc ch loride, three types o f 
behaviour are shown.
T a b l e  I .
(Behaviour of substitu ted  benzaldehydes; CHO in  position  1.)
A  B  C
(produce triphenyl- 
(produce nitrites). methane derivatives). (unreactive).
Me : Pr/3 : O H  =  2:5:4 Benzaldehyde. N O a =  2
Me :PrJ3: O H  =  5 : 2 : 4 Cl =  2 or 4
Me : O H  =  3:4 NO, =  3 or 4
O H  =  2 or 4 H O  =  3
O H  : O H  =  3 : 4
OMe =  4
(1) The aldehydes in  colum n A  (Table I )  g ive the  corresponding 
d ia ry la ce ton itriles , in  some cases in  q u a n tita tive  yie lds. T ha t i t  
is the  nuclear hydrogen atom  para to  the  h yd ro xy l group in  the  
phenol, w hich is invo lved  in  th is  condensation is clear from  the  
fa c t th a t o-cresolaldehyde and th ym o l g ive the same p roduct (V II)  
as thym olaldehyde and o-cresol. Even when the  o- and p-positions 
are bo th  equally accessible, as in  phenol, condensation takes place
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alm ost exclusively in  the  ^-p os itio n , the  p roduct then form ed being 
(V III) , and the isomeride ( IX ) could n o t be detected.
HO  HO  HO
Me
HON 
------>
Me,
HO
CHO T in .n 'N T  HON
M e/S 
I  JPr^
HO
(VII.)
Me Me HO
H 0<^^C H (C N )<(^S 0H  H o /~ ^> C H (C N )^^>
Pr# (VIII.) Pr# (IX.)
(2) On the  other hand, benzaldehyde its e lf and its  deriva tives 
shown in  colum n B  (Table I )  give triphenylm ethane deriva tives, 
and since the  y ie ld  of these substances g re a tly  exceeds th a t obtained 
when hydrogen cyanide is absent, i t  seems lik e ly  th a t reaction  ( I I)  
is  in  operation in  place of, or in  add ition  to , reaction (I)
TTT> '.H IT
(I) R-CHO +  H B /-O H  — R -C H (O H )-R '-O H  =— >
R -C H (R '-O H )2 +  H 20 .
( I I )  R-CH(OH)-CN +  H R '-O H
' ’  v ' -H O N  ............
o-N itrobenzaldehyde is unique in  so fa r as i t  is isolated from  the  
reaction m ix tu re  in  the fo rm  of its  cyanohydrin , w hich is apparen tly 
wery unreactive.
This va rie ty  of results is a ll the  more rem arkable since m andelic 
acid  and m ande lon itrile  condense norm a lly  w ith  a whole series o f 
phenols (B is trzyck i and P la tau , Ber., .1895, 28, 989; 1897, 30, 
124; B is trzyck i and Simonis, Ber., 1898, 31, 2812; Cramer, ibid., 
p. 2813; Simonis, ibid., p . 2821). Considerable fu rth e r inve stig ­
a tion  is required to  determ ine the influence of (a) substituents and (b) 
physical conditions, e.g., a c id ity  of the  so lu tion , on the  re la tive  
re a c tiv ity  o f the h yd ro xy l and cyano-groups o f cyanohydrins. We 
have lit t le  doubt th a t the triphenylm ethane fo rm a tion  ind icates 
cyano-group re a c tiv ity , the interm edia te  diphenylm ethane de riva tive  
undergoing fu rth e r condensation under the  experim ental conditions, 
whereas n itr ile  fo rm a tion  indicates h yd ro xy l group re a c tiv ity  (C).
H R ' H R '
R -C f-O H  R -C ^-O H  R -C ^-R ' . . (C)
\ r \  - hon \ cn - h'° \ c n .
The fa c t th a t the  substitu ted  n itrile s  do n o t undergo fu rth e r con­
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densation to  triphenylm ethane deriva tives is on ly in  line  w ith  the 
dim inished re a c tiv ity  o f the  cyano-group w hich is shown by  its  
resistance to  h y d ro ly tic  agents. I t  appears th a t the  h yd ro xy l 
group b y  v irtu e  of its  lone pairs of electrons is a more ready electron 
source than  the  cyano-group and th a t when the  nucleus o f a cyano- 
h y d rin  has a positive  character the  h yd ro xy l group w ill tend to  
become, re la tive  to  the  cyano-group, less negative, and a t the  same 
tim e  less reactive.
E x p e r i m e n t a l .
Tliymolaldehydes and By-products.— In to  an ice-cold, w e ll-s tirred  
m ix tu re  o f th ym o l (50 g.), zinc cyanide (100 g.), and benzene (200 
c .c .; d is tille d  from  phosphoric oxide), was passed a ra p id  stream  o f 
d ry  hydrogen ch loride u n til i t  ceased to  be absorbed. A lum in ium  
ch loride (75 g.) was then added and the  s tirrin g  continued fo r 4 
hours in  a slow curren t o f hydrogen chloride. Towards the  end, 
the  reaction b o ttle  was kep t immersed in  w ater a t about 50°. The 
sem i-solid p roduct was transferred in to  10% hydroch loric acid and 
d is tille d  in  steam u n til thym olaldehyde appeared in  the  condenser. 
The residue le ft on the  rem oval of the  solvent from  the  benzene 
laye r o f the  steam d is tilla te  was d is tille d  in  three fra c tio n s ; the  
residue in  the  flask then set so lid  and proved to  be ^ -thym ola ldehyde
(I). The firs t fra c tio n , b. p . 60— 80°/15 m m ., consists m a in ly  o f 
isopropylbenzene and is occasionally neglig ib le in  am ount (see 
below). The second (b. p. 100— 110°/15 m m .) and th ird  (b. p.- 
110— 120°/15 m m .) fractions were dissolved in  alcohol and treated 
w ith  aqueous-alcoholic semicarbazide so lu tion . The p rec ip ita te  
im m edia te ly g iven w ith  fra c tio n  2, a fte r repeated extra c tion  w ith  
boiling alcohol, form ed a w h ite  powder, m . p. 262° (decomp.), 
w hich was ide n tifie d  as m -cresolaldehyde semicarbazone (F o u nd : 
C, 55-1; H , 5-6; N , 21-3. C a lc .: C, 56-0; H , 5-7; N , 21-8% ) by  
hydro lysis in  the  fo llow ing  m anner : A  m ix tu re  o f the  substance 
(3 g.), su lphuric acid (10 c.c.), and w ater (50 c.c.) was heated to  
boiling and the  resu ltan t ra-cresolaldehyde (VI) rem oved in  a cu rre n t 
o f steam. I t  crysta llised  from  petroleum  in  long needles, m . p. 63° 
(F o u nd : 0 ,7 0 -4 ,7 0 -3 ; H , 5-8, 6-0. Calc. : C, 70-6; H , 5-9% ). '
In  the  case of fra c tio n  3 acicu lar crystals g radua lly  separated and 
a fte r repeated c rys ta llisa tio n  from  alcohol had m . p.: 198° (Found : 
C* 61-5; H , 7*2; Sem., 31-4% ). The semicarbazide group (Sem. =  
N ’N H -C O N H a) was estim ated b y  the  m ethod o f Veibel {Bull. Soc. 
chim., 1927, 41, ,1410). This compound can on ly  be the  semi­
carbazone o f 2 - aldehydo - 3 -m e thyl-6 - isopropylphenol (o-thym ol- 
aldehyde) ( I I)  (C12H 170 2N 3;requires C, 61-3; H , 7-2; Sem., 31-1% ).
The residue le ft a fte r steam d is tilla tio n  was extracted w ith  ether, 
and the  e x tra c t evaporated. Two methods of p u rify in g  the crude
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^-aldehyde (about 50 g .; iden tica l w ith  the  y ie ld  obtained b y  
G atterm ann’s o rig ina l m ethod, Ber., 1898, 31, 1765) were adopted :
(1) extraction  w ith  25%  alcohol, a sm all c rysta lline  residue, m . p . 
205°, being fin a lly  ob ta ined ; (2) c rys ta llisa tio n  from  alcohol, the  
fin a l low -m elting  crops being dissolved in  ch loro form  and filte re d  
from  a sm all am ount of the  same substance, m . p . 205°, subse­
quen tly  shown to  be d ith ym y la ce to n itrile  (see p. 2224). 4-A ldehydo-
3-m ethyl-6-isopropylphenol ( I)  form s colourless needles, m . p. 135°; 
when aqueous-alcoholic semicarbazide so lu tion  is added to  its  
alcoholic so lu tion  the  s lig h tly  im pure semicarbazone separates in  
deep ye llow  needles, m . p . 222° (Found : C, 60-6, 60*7; H , 7-3,
7-3% ), w hich ra p id ly  become colourless on recrys ta llisa tio n  from  
acetic acid or alcohol and m e lt a t 226° (Found : C, 61-2; H , 7-3 ; 
Sem., 30-5. C12H 170fcN8 requires C, 61-3; H ,7 -2 ; Sem., 31-1% ).
A ttem p ts to  convert ^-thym ola ldehyde  in to  the  corresponding 
dialdehyde by  (a) the  Adams and M ontgom ery m ethod, (b) the  
G atterm ann m ethod were unsuccessful. This fa ilu re  is n o t sur­
p ris ing  in  view  of the  h ig h ly  substitu ted  character o f the  rin g , and 
also of the  d is inc lina tion  of hydrogen cyanide to  a tta ck  the  position  
o rtho  to  a h yd ro xy l group. I t  m ay be m entioned th a t even ^ -cresol 
gives a ve ry  sm all y ie ld  o f the  aldehyde when subm itted  to  the  same 
trea tm en t as produces a sa tisfactory y ie ld  from  p-cresol (see below).
. Action of Aluminium Chloride on Thymol.—A s i t  was surm ised 
th a t the fo rm a tion  of isopropylbenzene in  the  reaction  ju s t described 
was due to  in te rac tio n  of th ym o l and benzene in  presence, of 
a lum in ium  chloride, a w e ll-s tirred  m ix tu re  o f th ym o l (25 g .), d ry  
benzene (200 c.c.), and a lum in ium  chloride (35 g.) was warm ed a t 
about 50° fo r 4 hours w hile  a cu rren t o f d ry  hydrogen ch loride was 
passed in . The clear so lu tion  was poured in to  10% hydroch lo ric 
acid and d is tille d  in  steam. The benzene laye r of the  steam d is­
tilla te  was separated and evaporated and the  residue obtained was 
d is tille d  in  a vacuum , g iv ing  fractions b. p . 60°, 95— 100°, 100— 118°, 
and ca. 170°/15 m m . The low -bo iling  fra c tio n  (about 10 g.) was 
red is tilled  under o rd ina ry pressure, and the fra c tio n , b. p . 150— 155°, 
red is tille d  from  sodium . I t  then boiled constan tly  a t 153° and 
-agreed in  properties w ith  isopropylbenzene (F o u n d : C, 90-3; 
H , 9-9. C a lc.: C, 90-0; H , 10-0% ). The fra c tio n , b. p . 95— 100°/ 
15 m m ., gave pure m-cresol, b. p . 200— 202° (6 g .), w hich was 
iden tified  as its  ^-n itrobenzoy l d e riva tive . The h igher-bo iling  
fra c tio n  consisted of neu tra l substances, being apparen tly  a m ix tu re  
of m -to ly l ether and th y m y l ether. W hen the  above reaction  was 
carried ou t in  the  presence o f toluene a fra c tio n , b. p . 65— 75°/15 
m m ., was obtained w hich on re d is tilla tio n  had b. p . 175— 180°, 
being s lig h tly  im pure p-cym ene.
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Carvacrolaldehydes and By-products,— The prepara tion  was effected 
as described fo r thym olaldehyde (see above). The steam d is tilla te  
gave fractions, b. p . 60°, 100— 110°, 110— 120°, and 120— 130°/15 
m m ., and a residue o f the p-aldehyde, w hich could be sublim ed a t 
150°/1 m m . The firs t fra c tio n  consisted o f isopropylbenzene (see 
below ). The rem ain ing fractions were dissolved separately in  
a lcoho l and trea ted  w ith  aqueous-alcoholic semicarbazide so lu tion . 
The fra c tio n , b. p . 100— 110°/15 m m ., gave crude o-cresolaldehyde 
semicarbazone (compare th ym o l above), and from  the  fra c tio n T 
b. p . 110— 120°/15 m m ., was isolated a trace  of m ate ria l w hich 
crysta llised  from  p yrid in e  o r acetic acid in  th ic k , pale ye llow  prism s, 
m . p. 275° (Found : C, 73-2; H , 7-9; N , 7-8% ). I t  is suggested 
th a t th is  compound is the  semicarbazone o f 4-hydroxy-3-a ldehydo- 
5 - m ethyl - 2 - ^ o p r opylphenyld icar vacrylm  ethane (V) (C^H ^C ^N g 
requires C, 72-7; H , 7-9; N , 7-7% ) form ed by  the  in te ra c tio n  of 
ca rvacro l and carvacroldialdehyde during  the  d is tilla tio n . The 
fo u rth  fra c tio n , b. p. 120—-130°/15 m m ., gave more soluble m ate ria l, 
w h ich  crysta llised  from  aqueous alcohol in  long ghstening needles, 
m . p . 180° (Found : 0 , 61-3; H , 7-3; Sem., 31*5%), and m ust be 
th e  semicarbazone o f 2-aldehydo-6-m ethyl-3-isopropylphenol (o-car- 
vacro la ldehyde semicarbazone) (C12H 170 2N 3 requires C, 61*3; 
H , 7-2; Sem., 31-1% ).
The ether-soluble p o rtio n  of the  residue le ft a fte r steam d is tilla tio n  
was repeatedly extracted b y  decantation w ith  petroleum  (b. p . 
90— 120°), w hich slow ly rem oved the  p -carvacrolaldehyde (30—  
40 g.) as colourless plates, m . p. 102°. W ith  aqueous-alcoholic 
sem icarbazide so lu tion  th is  yie lded a s lig h tly  im pure, deep ye llow  
semicarbazone, m . p. 222° (F o u nd : C, 60-8; H , 7-3% ), w hich on 
c rys ta llisa tio n  from  acetic acid gave colourless needles, m . p . 224° 
(Found : Sem., 31-1. C12H 170 2N 3 requires C, 61-3; H , 7-2; Sem., 
31*1% ). The ta r w hich rem ained a fte r the  com plete rem oval of 
th is  aldehyde was m oistened w ith  alcohol and ke p t fo r several 
weeks. C rystals s low ly form ed, w hich a fte r recrys ta llisa tio n  from  
aqueous alcohol had m . p. 240° and were subsequently shown to  
consist o f d ica rvacry lace ton itrile  (see p. 2223).
Action of Aluminium Chloride on Carvacrol (compare corresponding 
experim ent w ith  th ym o l, p . 2220).— Fractions, b .p . 60° (11 g.), 100° 
(11 gO, and 102— 115°/15 m m . (5 g.) were obtained. The residue, 
a fte r being heated to  150°/1 m m ., crysta llised  from  petroleum  in  
long th ic k  needles, m . p . 148— 150° (0-3 g.) (Found : C, 83-3, 83*7; 
H , 8*5, 8*8% ). This substance was n o t obtained in  su ffic ien t 
q u a n tity  fo r id e n tifica tio n . The low -bo iling  fra c tio n  was alm ost 
pure isopropylbenzene, and the  in term edia te  fra c tio n  gave o-cresol, 
b . p . 188— 190° (7 g .), ide n tifie d  as the  p-n itrobenzoate.
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! Reimer-Tiemann Reaction with Carvacrol.— Carvacrol (20 g .), 
sodium  hydroxide (40 g.), w ater (300 c.c.), and chloroform  (25 g .) 
were used. The reaction m ix tu re  was acid ified and d is tille d  in  
steam. The d is tilla te  consisted of unchanged carvacrol and the  
o-aldehyde, isolated on ly as its  semicarbazone (see above). The 
residue was purified  as described above and gave a ve ry  sm all 
y ie ld  of the p-aldehyde, iden tica l w ith  th a t described above.
o-Cresolaldehydes.— Preparation as above, o-cresol (50 g.) being- 
used in  place of thym o l. The steam d is tilla te , freed from  solvent* 
boiled a t 85— 90°/15 mm. (15 g.), leaving on ly a sm all residue of the  
p-aldehyde. To a so lu tion of the frac tio n , b. p . 85— 90°/15 m m ., in  
alcohol (15 c.c.) was added aqueous-alcoholic semicarbazide solution.. 
The resu ltan t p recip ita te  (3 g.) was repeatedly extracted w ith , 
bo iling  a lcohol; the residue then  rem ained unchanged in  m. p.. 
(248°, decomp.) by crysta llisa tion  from  pyrid ine , from  w hich i t  
separated in  g listening needles. I t  was ide n tifie d  as the  semi­
carbazone o f 6-aldehydo-2-m ethylphenol (X ) (F o u n d : C, 55-5 %
CHO
(X.) < (^ > 0  H  ( M 0 / ^ > 0 H  (XI.)
Me Me
H , 5-8; N , 21-6; Sem., 38-5. C9H n 0 2N 3 requires C, 56-0; H , 5-7;; 
N , 21-8; Sem., 37*8%), by hydrolysis to  the corresponding aldehyde,, 
w hich was then converted in to  the known phenylhydrazone.
The ether-soluble p o rtion  of the residue le ft a fte r steam d is tih  
la tio n  was extracted w ith  bo iling  w ater u n til a ll the p-aldehyde (X I)  
(about 20 g.) had been removed, leaving an uncrysta llisab le  ta r. 
The p-aldehyde gave a semicarbazone crys ta llis ing  from  acetic acid 
in  needles, m. p. 216° (F ound : X , 21-8; Sem., 37-2. CgH^OaN^ 
requires N , 21-8; Sem., 37-8%).
Action of Potassium Cyanide on Hydroxybenzaldehydes.— (1) No 
crysta lline  m ateria l could be isolated from  the gums obtained b y  
the action of potassium cyanide on alcoholic solutions of sa licy l- 
aldehyde, p-hydroxybenzaldehyde, or carvacrolaldehyde, e ith e r 
alone or when m ixed w ith  phenol or carvacrol respectively.
(2) N ine m ixtures of thym olaldehyde, alone and w ith  th ym o l* 
potassium  cyanide and aqueous alcohol were heated under re flu x  
fo r va ry ing  periods. In  on ly one experim ent (a) in  w hich th ym o l 
was om itted  was any y ie ld  of substance, m . p. 205°, obtained, and 
experim ent (b) furn ished the highest y ie ld  of the  series.
(a) Thym olaldehyde (3-6 g.), alcohol (6 c.c.), potassium  cyanide- 
( I  g.), and w ater (2 c.c.) were m ixed and heated a t 100° fo r 1 h o u ri 
A fte r 2 days the m ix tu re  was made acid and le ft fo r 10 days. The- 
resu ltan t ta r was filte re d  off, and the residual so lid  crysta llised  from .
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alcohol. Y ie ld , 0-25 g .; in .-p . 205°. As th is  experim ent could n o t 
be repeated, i t  is assumed th a t the  thym olaldehyde used in  the firs t 
instance m ust have contained thym o l. ; )
(6) Thym olaldehyde (18 g.), alcohol (60 c.c.), th ym o l (12 g.), 
potassium  cyanide (6 g.), and w ater (12 c.c.) were m ixed and heated 
a t 100° fo r 20 hours. A fte r 2 days concentrated hydroch loric acid 
(10 c.c.) was added, and a fte r 2 days more the  m ix tu re  was poured 
in to  w ater and extracted w ith  ether. The ethereal e x tract was 
evaporated, and the dried  residue extracted w ith  h o t chloroform ; 
The insoluble m a tte r (4-0 g.) had m . p. 205° (see below).
Thym olaldehyde and benzon itrile  underwent no in te rac tio n  when, 
a concentrated alcoholic so lu tion  was boiled under re flu x  or allowed 
to  stand fo r some days. In  the hope of obta in ing  the compounds 
in  be tte r yields, the fo llow ing  experim ents were trie d . (1) Thym ol­
aldehyde (10 g.), th ym o l (20 g.), zinc cyanide (20 g.), and d ry . 
benzene (200 c.c.) were w e ll s tirre d  w hile  a slow stream of d ry  
hydrogen chloride was passed in . The m ix tu re  was m aintained a t 
40— 60° fo r the  las t 2 hours. The h ig h ly  coloured, viscous mass 
was transferred in to  10% hydroch loric acid by  the a id  of a sm all b u lk  
o f b o ilin g  alcohol, and then d is tille d  in  steam. The ta rry  residue 
was extracted w ith  ether, the e x tract evaporated, and the dried .mass 
boiled w ith  chloroform . The colourless residue (15 g., m . p. 276°) 
a fte r crys ta llisa tio n  from  aqueous alcohol form ed prism s, m . p. 280° 
(F o u nd : C, 80-2; H , 8-6% ). This substance m ust be trithymyl- 
methane (C31H 40O3 requires C, 80-8; H , 8*7%), a conclusion w hich 
was confirm ed by  the preparation of the  acetyl de riva tive . The 
.compound (2-5 g.) and acetic anhydride (15 c.c.) were heated under 
re flu x  fo r 2 hours. On cooling, the liq u id  fille d  w ith  crysta ls o f 
triacetylthymylmethane, w hich a fte r recrysta llisa tion  from  benzene- 
petroleum  form ed g listen ing  leaflets, m . p. 186° (Found : Ac, 22-0. 
C37H 460 6 requires Ac, 22-0% ).
(2) Carvacrolaldehyde (10 g.) and carvacrol (25 c.c.), trea ted  as in
(1), gave tricarvacrylmethane, m . p. 275° (F ound : C, 80-8; H , 8-8% ). 
The compound was acetylated as described above and yie lded 
triacetylcarvacrylmethane, w hich a fte r c rys ta llisa tio n  from  petroleum  
form ed leaflets, m. p. 185° (Found : C, 76-1; H , 8-1. C37H 46Q6 
requires C, 75-8; H , 7-9% ). B o th  compounds gave the custom ary 
large depression in  m e lting  p o in t when m ixed w ith  the corresponding 
deriva tives of thym o l. r
L ittle  condensation occurs i f  the zinc cyanide is  om itted  in  these 
experim ents. M oreover the y ie ld  of triphenylm ethane deriva tives 
is considerably greater than  when the  experim ent is  conducted in  
alcoholic so lu tion  w ith  hydrogen chloride or zinc chloride as con­
densing agent. ; \
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Action of Hydrogen Cyanide on Substituted Benzaldehydes.—  
General method. D ry  hydrogen cyanide from  potassium  ferrocyanide 
(70 g . ; m ethod of Johnson and Lane, J. Amer. Chem. Soc., 1921, 43 , 
357) was passed in to  a so lu tion  of equim olecular p roportions of the  
aldehyde (10 g.) and the phenol in  absolute alcohol (50— 100 c.c.). 
Z inc chloride (20— 25 g.) was then added, the m ix tu re  boiled fo r 2 
hours, and the  so lu tion poured in to  10% hydroch loric acid. Excess 
o f the reagents was removed in  a curren t of steam, and the  residual 
so lid  or p lastic mass filte re d  off.
(1) Thym olaldehyde and thym o l combined to  g ive a q ua n tita tive  
y ie ld  of dithymylacetonitrile, w hich a fte r recrysta llisa tion  from  
alcohol form ed prism atic needles, m . p. 205° (F ound : C, 78*4; 
78-5; H , 8-2, 8-1; N , 4-3, 4-2. C22H 270 2N  requires C, 78-3; H , 8*0; 
1ST, 4-1% ). No com bination occurred when the  zinc ch loride was 
om itted.
D ithym ylace to n itrile  was n o t attacked b y  b o ilin g  hydroch loric 
acid or b y  su lphuric acid (50— 65% ), and higher concentrations 
produced resinous masses (compare M ichael and Jeanpretre, Ber., 
1892, 25, 1615). H y d ro ly tic  experim ents w ith  3%  hydrogen 
peroxide (Radziszewski, Ber., 1885, 18, 355) or 100% phosphoric 
acid (Berger and O liv ie r, Bee. trav. chim., 1927, 46, 600) were also 
unsuccessful. The substance (5 g.) was heated a t 100° w ith  potass­
ium  hydroxide (20 g.) in  90%  alcohol (100 c.c.) fo r 10 hours. A fte r 
standing 2 days, the so lu tion  was poured in to  10% hydroch loric acid 
and the p recip ita ted  dithymylacetamide crysta llised  from  alcohol. 
I t  form ed a colourless, heavy crysta lline  powder, m . p. 243° (decomp.) 
(Found : 0 , 73*8; H , 8-2. C22H 290 3N  requires C, 74-4; H , 8-2% ). 
Diacetylthymylacetonitrile, form ed by  heating d ith ym y la ce to n itrile  
(3 g.) w ith  acetic anhydride (15 c.c.) and recrysta llis ing  the p roduct 
from  chloroform -petroleum , form ed needles, m . p . 174° (Found : 
O, 74-3, 74*1; H , 7-5, 7-5; Ac, 20-4. C26H 310 4N  requires C, 74-1; 
H , 7-4; A c, 20-4% ). On hydro lysis w ith  d ilu te  alcoholic potassium  
hydroxide i t  regenerated d ithym yla ce ton itrile , m . p. 205°.
(2) Carvacrolaldehyde and carvacrol, trea ted  in  lik e  m anner, 
gave a q ua n tita tive  y ie ld  of dicarvacrylacetonitrile, w hich crysta llised  
from  aqueous alcohol in  prism s, m . p. 240° (Found : C, 78-3; H , 8-2; 
N , 3-7. C22H 270 2N  requires C, 78-3; H , 8-0; N , 4*1% ). D i-  
acetylcarvacrylacetonitrile crysta llised from  alcohol in  colourless 
needles, m . p. 196° (Found : C, 74-0; H , 7-6; N , 3*5. C26H 310 4N  
requires C, 74*1; H , 7*4; N , 3*3%).
(3) Thym olaldehyde and carvacrol, or carvacrolaldehyde and 
thym o l, gave thymylcarvacrylacetonitrile, w hich form ed prism s, 
m . p. 227°, from  alcohol (Found : C, 78*1; H , 8*3. C22H 270 2N  
requires C, 78*3; H , 8*0%). I t  yielded a diacetyl d e riva tive , m . p .
BY-PRODUCTS OF THE GATTERMANN ALDEHYDE REACTION. 2225
145° (F ound : C, 73-7; H , 7 4 . C26H 310 4N  requires C, 74-1; 
H , 7-4% ).
(4) o-Cresolaldehyde and thym o l, or thym olaldehyde and o-cresol, 
gave tolylthymylacetonitrile (V II) , the  firs t p a ir g iv ing  a q u a n tita tive  
and the  second a 70%  y ie ld . I t  crysta llised  from  aqueous alcohol 
in  prism s, m . p. 153° (loss in  w eight on d ry ing  a t 100° =  10-4%) 
(Found fo r d ry  substance : C, 77-1; H , 7-3. C19H 210 2N  requires 
C, 77*3, H , 7*1% ). The substance (5 g.) was warm ed w ith  potassium  
hydroxide  (20 g.) in  90%  alcohol (100 c.c.) a t 100° fo r 24 hours. 
T he so lu tion  was poured in to  10% hydroch loric acid and extracted 
w ith  ether. The ethereal e x tra c t was shaken w ith  d ilu te  sodium 
■carbonate so lu tion, and the  aqueous and ethereal layers were 
separated and w e ll washed w ith  ether and w ater respectively. The 
ethereal layer was evaporated, and the  dried residue extracted w ith  
h o t benzene. The residual tolylthymylacetamide crysta llised  from  
alcohol in  prism s, m . p. 211° (Found : C, 72-6; H , 7-4; N , 4*7. 
C19H 230 3N  requires 0 , 72-9; H , 7*3; N , 4-5% ). The aqueous 
laye r was poured in to  10% hydroch loric acid, and the resu lting  gum 
■dried in  a vacuous desiccator. A fte r b o ilin g  w ith  benzene, i t  
fo rm ed a pale brow n powder, m . p. 188°. I t  was free from  nitrogen 
and m ust be crude tolylthymylacetic acid (F ound : C, 71-2, 71*6,
71-2; H , 7-1, 7-2, 6-9. C19H 220 4 requires C, 72-6; H , 7-0% ). 
Acetyltolylacetylthymylacetonitrile form s prism s, m . p. 131° (Found : 
A c , 23-3. C23H 250 4N  requires Ac, 22-7% ).
(5) p-H ydroxybenzaldehyde and th ym o l gave a brow n resinous 
mass, w hich crysta llised  from  chloroform  in  needles, m . p. 142°. 
R ecrysta llised from  benzene, p -hydroxyfhenylthymylacetonitrile (V III)  
form ed large prism s, w hich on d ry ing  a t 110° lo s t 12-6% b y  w eight 
and le ft a residue, m . p. 144° (Found : C, 76-3; H , 6-8. C18H 190 2N  
requires C, 76-8; H , 6*8% ). Phenol and thym olaldehyde gave an 
80%  y ie ld  o f the  same substance.
(6) Anisaldehyde (p-m ethoxybenzaldehyde) and th ym o l gave a 
th ic k  o il, w hich was extracted w ith  ether. The gum rem aining a fte r 
evaporation of the  ether was dissolved in  chloroform . A fte r some 
days crystals separated, w hich were w e ll washed w ith  petroleum  and 
repeatedly recrysta llised from  benzene, pure anisylthymylacetonitrile 
heing obtained in  10% y ie ld . I t  form ed large prism s, m . p. 106° 
(Found : C, 77-6; H , 7-2. C19K 210 2N  requires C, 77-3; H , 7-1% ).
: (7) Salicylaldehyde and th ym o l gave a resin, w hich crysta llised  
fro m  chloroform  in  prism s, m . p . 142°, and when dried  a t 110° lo s t 
18-9% b y  w eight (Found, fo r d ry  substance: 0 , 76-6; H , 6*9. 
€ 18H 190 2N  requires C, 76-8; H , 6-8% ). The y ie ld  of pu rified  
o-hydroxyphenylthymylacetonitrile ( IX ) was less than  50%  o f the 
theore tica l.
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: (8) Protocatechualdehyde and thym o l gave a gum m y • mass,, 
w hich  was extracted w ith  benzene, and the product repeatedly 
crysta llised from  chloroform . Catechylthymylacetonitrile form ed 
prism s, m . p. 147— 149° (F o u nd : N , 4-7. C18H 190 3N  requires 
N , 4-7% ). '  ,
(9) Benzaldehyde and thym o l gave a q ua n tita tive  y ie ld  o f 
phenyldithym ylm ethane, w hich crystallised in  prism s, m . p. 167—  
168°, containing one molecule of alcohol (loss in  w eight a t 110° =  
10*5% ; calc., 11 % ). This description agrees w ith  th a t of Russanow 
(Ber., 1889, 22, 1947).
(10) m -Hydroxybenzaldehyde and th ym o l gave a poor y ie ld  o f 
m -hydroxyphenyldithymylmethane, w hich crysta llised  from  chloroform  
in  prism s, m . p. 165° (Found : C, 80-5; H , 8-1. C27H 320 3 requires, 
C, 80-2, H , 7-9% ). ■-
(11) o-N itrobenzaldehyde and thym o l gave a p roduct, w h ich  
crystallised from  chloroform  in  needles, m. p. 95— 97°, and proved to; 
be o-nitrobenzaldehydecyanohydrin (F o u n d : 0 , 54*1; H , 3-5.
C a lc.: C, 53-9% ; H , 3-4% ). The fa c t th a t th is  cyanohydrin  
survives the general m ethod of trea tm ent (see above) is rem arkable. 
No d iffe ren t resu lt was obtained when phenol was used in  place o f 
thym o l.
. (12) w -N itrobenzaldehyde and th ym o l gave an alm ost q u a n tita tive  
y ie ld  of m -nitrophenyldithymylmethane, w hich crysta llised  re a d ily  
from  aqueous alcohol in  prism s, m . p. 171° (Found : 0 ,74 *7 ; H , 7*2^ 
C27H 3i0 4N  requires C, 74*8; H , 7*2%).
(13) jp-N itrobenzaldehyde and thym o l gave a ta rry  mass; th is  
a fte r several recrysta llisations from  benzene form ed colourless 
needles, w hich became pale ye llow  on d ry ing  and then m elted a t 
145° (loss in  w eight on drying , 20*9. C27H 310 4N ,1 |C 6H 6 requires, 
loss, 21*2%) (Found fo r the residual p -nitrophenyldithymylmethane 
C, 75*0; H , 7*2. C27H 310 4N  requires C, 74*8; H , 7*2% ). The 
m other-liquor contained p-nitrobenzaldehydecyanohydrin.
(14) f  - Chlorobenzaldehyde and th ym o l gave a q ua n tita tive  y ie ld  
o f p -chlorophenyldithymylmethane, w hich crysta llised  from  alcohol in  
prism s; these, dried a t 110°, los t 15*0% b y  w eight,*and the residue 
m elted a t 156° (F ound : C, 76*4; H , 7*3. C27H 310 2C1 requires, 
0 ,7 6 *7 ; H , 7*3%).
. (15) o-Chlorobenzaldehyde and th ym o l gave a v isc id  mass, which,, 
however, rea d ily  crysta llised from  aqueous alcohol to  g ive an alm ost 
theoretica l y ie ld  of o-chlorophenyldithymylmethane. D ried  a t 110°, 
th is  los t 16*6% by w eight, and the residue m elted a t 138° (Found : 
0 ,76 *4 ; H , 7*2. C27H 310 2C1 requires C, 76*7; H , 7*3% ).
Since i t  m igh t be suggested th a t when triphenylm ethane fo rm ation , 
occurs, com bination takes place between the aldehyde and th e
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phenol before the hydrogen cyanide is in troduced, the  experim ents 
w ith  m -n itro - and o- and p-chloro-benzaldehydes were repeated, the 
th y m o l n o t being added u n til a fte r the  passage of the  hydrogen 
cyanide. The experim ental results were unaltered, and th is  is n o t 
;surprising in  face of the  results of the fo llow ing  experim ents.
(a) The experim ent w ith  p-chlorobenzaldehyde (14 above) was 
repeated, th is  tim e  w ith o u t the add itio n  of zinc chloride. No 
■combination occurred.
(b) p -Chlorobenzaldehyde (5 g.), th ym o l (10-7 g.), and zinc 
ch loride (20 g.) in  absolute alcohol (40 c.c.) were heated under 
re flu x  fo r 4 hours and then  poured in to  10% hydroch loric acid and 
hhe excess of the reagents was rem oved in  steam. The residual 
•crude p -chlorophenyld ithym ylm ethane weighed 4 g. (25%  y ie ld ).
(c) m -N itrobenzaldehyde and th ym o l trea ted  as in  (b) gave crude 
m -n itrod ithym ylm ethane in  on ly 20%  yie ld .
The authors desire to  express th e ir thanks fo r assistance in  the 
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CCCCXXXII.— Preparation o f Diethylaminoethanol 
Esters o f Diphenyl-2-carboxylic A c id  and Derivatives.
By F r a n k  B e l l.
Roberts and Johnson (J . Amer. Chem. Soc., 1925, 47, 1399) have 
d irected a tte n tio n  to  the m arked anaesthetic action  o f d ie th y l- 
am inoethyl diphenate, and i t  was th ou gh t of in te rest to  make the 
d ie thy lam inoe thy l esters o f several re la ted ca rboxylic acids.
D iphenyl-2 -ca rboxyly l ch loride reacted w ith  d ie thy lam inoe thyl 
a lcohol to  g ive an ester hydrochloride w ith  a w ell-m arked anaesthetic 
action . The chlorides o f d iphenyl-4-carboxylic, fluorenone-4-carb- 
o xy lic , and 2 '-cyanodiphenyl-2-carboxylic acids furn ished esters of 
perceptib le  b u t sm aller action . 2 ' -Cyanodiphenyl-2-carboxylyl 
chloride was obtained together w ith  about 10% of d iphenim ide by 
the  action  o f th io n y l ch loride on diphenam ic acid (compare the 
action  of th io n y l ch loride on d iphenic ac id ; J ., 1927, 1698).
9 6h 4-co2h  9 6h 4.coci , 9 6h 4.co> n i i
c 6h 4-co -n h 2 c6h 4-c n  +  C6H4-CCr
D iphenyl-2 -ca rboxyly l ch loride shows a great tendency to  change 
in to  fluorenone during  d is tilla tio n . On the  other hand, d iphenoyl 
d ich loride  seems qu ite  stable, a lthough its  bo iling  p o in t is alm ost 
50° higher. 2 '-C yanodiphenyl-2-carboxylyl chloride decomposed to  
on ly  a s lig h t e x te n t; the  4-cyanofluorenone produced was found in  
the  d is tilla te . The considerable s ta b ility  o f th is  acid ch loride is of 
in te rest, because the  convenient process fo r obta in ing  4-cyano­
fluorenone by  the  action  o f phosphorus pentachloride on phen- 
anthraquinone m onoxim e (Borsche and Gander, Ber., 1914, 47, 
2818) m ust depend on its  in term edia te  fo rm a tion .
E x p e r i m e n t a l .
D iphenyl-2 -ca rboxyly l ch loride was obtained as a pale ye llow  
liq u id , b . p . 163°/10 m m ., when a so lu tion  of d iphenyl-2-carboxylic 
acid in  w arm  th io n y l ch loride was d is tille d  in  a vacuum  (F o u n d : 
0 ,7 2 -0 ; H , 4*1. Calc. : C, 72-1; H , 4-2% ) (compare Schlenk and 
Bergm ann, Annalen, 1928, 464, 33). In  tw o  subsequent experi­
m ents the  ch loride decomposed com pletely during  d is tilla tio n  w ith  
the  fo rm a tion  of pure fluorenone. Bretscher, R ule, and Spence 
(th is  vo l., p . 1502) have apparen tly had the  same experience and 
are investiga ting  the  reaction  in  d e ta il.
In te ra c tio n  of th is  ch loride and 2-am inodiphenyl in  pyrid in e  
so lu tion  gave the  corresponding amide, w hich crysta llised  from  
acetic acid in  needles, m . p . 194° (F o u nd : C, 85-5; H , 5*5. 
C25H 19ON requires C, 85*9; H , 5-4% ).
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Diethylaminoethyl Diphenyl - 2 -carboxylate. -— D ie thy lam inoe thy l 
alcohol (5 g.) was added to  a so lu tion  o f the  acid ch loride (9-2 g.) 
in  benzene (20 c.c.). The sem i-solid p roduct was warm ed on the  
w ater-bath  fo r hour and evaporated in  a vacuum , and the  residual 
gum dissolved in  cold w ater. The base was libera ted  w ith  amm onia, 
extracted w ith  ether, and d is tille d  in  a vacuum , g iv ing  a colourless 
liq u id , b. p. 183°/1 m m ., w hich contained some im p u rity  (Found : 
C, 75-9; H , 7-6. C19H 230 2N  requires C, 76-8; H , 7-8% ). I t  was 
treated in  d ry  ether w ith  hydrogen chloride (s lig h tly  less th an  the 
theore tica l am ount), the hydrochloride of d ie thy lam inoe thyl d iphenyl- 
2-carboxylate being precip ita ted  as a w hite  powder, m . p. 109— 110° 
(Found : HC1, 11-0. C19H 230 2N,HC1 requires HC1, 10-9% ). This 
hydrochloride is s lig h tly  hygroscopic, dissolves in  a sm all am ount 
o f w ater to  give a clear so lu tion  w hich becomes m ilk y  on d ilu tio n , 
and is m arkedly anaesthetic to  the  tongue.
Diethylaminoethyl Diphenyl - 4 - carboxylate.— 4 - M ethyld iphenyl 
(Gomberg and Pernert, J. Amer. Chem. Soc., 1926, 48, 1375) was 
converted by  ox ida tion  w ith  2%  aqueous perm anganate so lu tion  
(Jacobson, Ber., 1895, 28, 2547) in to  the  corresponding acid, and 
th is  in to  the acid chloride (m. p. 114°) by th io n y l ch loride. W hen 
the acid chloride (4-6 g.) in  benzene was trea ted  w ith  d ie thy lam ino ­
e th y l alcohol (2-5 g.), a crysta lline  deposit was im m edia te ly ob ta ined ; 
the  reaction was completed by  w arm ing the  m ix tu re  fo r \  hour. 
The product was collected and dissolved in  w ater, im p u ritie s  were 
removed by extraction  w ith  ether, the  base was libe ra ted  w ith  d ilu te  
sodium carbonate so lu tion  and extracted w ith  ether, and the  e x tra c t 
was dried  w ith  sodium  sulphate and treated w ith  hydrogen chloride, 
the hydrochloride o f d ie thy lam inoe thyl d iphenyl-4-carboxyla te  being 
precip ita ted  as a w hite  powder, m . p. 183° (Found : HC1, 11-2. 
C19H 230 2N,HC1 requires HC1, 10-9% ). This hydroch loride  is ex­
trem ely soluble in  w ater, b u t the  so lu tion  becomes m ilk y  on d ilu tio n .
2 '-Cyanodiphenyl-2-carboxylyl Chloride,— D iphenam ic acid (16*7 g.) 
and th io n y l chloride were warm ed together fo r \  hour and the 
resu ltan t so lu tion was evaporated in  a vacuum . A  so lu tion  of the 
residual paste in  a lit t le  benzene was filte re d  from  the needle crysta ls 
o f diphenim ide (1-5 g.), m . p. 217— 219°, and d ilu te d  w ith  lig h t 
petroleum , 2'-cyanodiphenyl-2-carboxylyl chloride being p recip ita ted  
as a w hite  powder, w hich crysta llised  from  carbon te trach lo ride  in  
s tou t prism s (10-6 g.), m . p, 84° (F o u nd : G, 69-8; H , 3-2. C14H 80NC1 
requires C, 69-6; H , 3-3%).. On heating in  a vacuum , i t  gave a 
pale ye llow  d is tilla te , b. p. 222°/15 m m ., conta in ing  about 3%  of 
4-cyanofluorenone, w hich rem ained undissolved by  trea tm en t w ith  
warm  ether and then crysta llised  from  alcohol in  long, ye llow  
needles, m . p. 243— 244° (Borsche and Sander, loc. cit., give 240°).
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A lte rn a tiv e ly , tlie  d is tilla te  was dissolved in  warm  sodium  hydroxide  
s o lu tio n ; the  4-cyanofluorenone rem ained undissolved, and the  
filte re d  so lu tion , when poured in to  d ilu te  hydroch loric acid, gave 
2 '-cyanodiphenyl-2-carboxylic acid, w hich crysta llised  from  alcohol 
in  s tou t needles, m . p . 173° (W erner and S iguet, Ber., 1904, 37, 
4311, g ive 170— 172°).
D ie thy lam inoe thy l 2 '-cyanodiphenyl-2-carboxylate was prepared 
in  a s im ila r w ay to  the d iphenyl-4-carboxyla te. The hydrochloride 
was obtained as w h ite  plates, m . p . 189° (Found : HC1, 10-3. 
O20H 22O2]Sr2,H C l requires HC1, 10-2% ), n o t hygroscopic though 
m oderately easily soluble in  w ater.
W e l l c o m e  C h e m i c a l  R e s e a r c h  L a b o r a t o r i e s ,
L o n d o n . [Received, October 2 M h , 1928.]
P ri nt e d in G r e a t  B ritain b y  R i c h a r d  C l a y &  Son s, L imited,
BUNGAY, SUFFOLK.
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2 : 4 :  7-Trinitrofluorenone. B y  F ra n k  B e ll.
T h e  in te rest a ttach ing  to  heav ily  substitu ted  fhiorenones (B e ll and 
Bobinson, J ., 1927, 1695) d irected a tte n tio n  to  the statem ent th a t 
fluorenone on n itra tio n  yie lds the  2 : 3 : 7 -trin itro -d e riva tive  
( I)  (Schm idt and Bauer, Ber., 1905, 38, 3758). A p a rt from  the  
exceptional o rien ta tion  of th is  compound, its  ox ida tion  to  y ie ld  
3 : 4-d in itrobenzoic acid called fo r fu rth e r exam ination (fo r norm al 
m ethod o f o x id a tio n  o f fluorenone deriva tives, see Moore and H u n t­
ress, J . Amer. Chem. Soc., 1927, 49,1324). .
xrr> nth
4-N itrofluorenone, prepared from  4-nitrophenanthraquinone 
(Schm idt and Bauer, ibid., p. 3741; M organ and Thomason, J .,. 
1926, 2695), was n itra te d  as fo llow s : 1*25 g. in  n itr ic  acid (d 1-5; 
25 c.c.) were warm ed on a steam -bath fo r 2 hours, cooled, and poured 
in to  w ater. The p rec ip ita te  a fte r several crysta llisa tions from  
benzene had m . p. 175° (F o u n d : C, 49*5; H , 1-6. C13H 50 7N 3 
requires C, 49*5; H , 1*6%). This trin itro -d e riv a tiv e  m ust therefore 
be 2 : 4 : 7-trinitrofluorenone ( I I) .
F luorenone n itra te d  by the  m ethod o f Schm idt and Bauer (loc. cit.) 
gave a p roduct, m . p. 176° a fte r repeated c rys ta llisa tio n  from  acetic 
acid or benzene (Found : C, 49*9; H , 1*8% ). ' W hen m ixed w ith  
the  2 : 4 :  7-trin itro fluo renone  described above, i t  m elted a t the  same 
tem perature. O xidation  o f th is  trin itro -d e riv a tiv e  gave a ve ry  sm all 
am ount o f an im pure acid, m . p, 165— 170°.. The m . p. o f the  
p u rifie d  acid w ould obviously exceed th a t o f 3 : 4-d in itrobenzoic 
acid (164°).—Battersea Polytechnic, S .W .ll. [Received, June 
8 th, 1928.]
P r i n t e d in G r e a t B ritain b y R i c h a r d C l a y &  So n s , L imited,
BUNGAY, SUFFOLK.
